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Lecture I. was only an Oration to the Univerſity 
of Cambridge; and is here omitted. 


LEecTturas Ib 


INCE every Interval is to be meaſus 
red by ſome common Meaſure, the 
determinate Length whereof, if it be 
Sf unknown, the * of the Interval 

4 it ſelf muſt needs be unknown alfog 
as if I know not what a Mile is, I cannot under- 
ſtand the Diſtance of Two Places, which is mea- 
{ured and expreſſed by Miles: And ſince what 2 
Foot, or a Cubit, or a Mile is in the Meaſuring 
of Diſtances upon the Surface of the Earth, the 


. 


* 


ſame is a Semidiameter of the Earth, when we 


come to meaſure the vaſt Diſtances of the Hea- 
venly Bodies; and ſince, laſtly, the Enquiries con- 


. cerning the abſolute Diftances of the Heavenly 


Bodies, do neceſſarily intermix themſelves with 
our Aſtronomical Speculations, and without the 
Knowledge of them, we cannot know any thing 


of their abſolute Magnicudes : For theſe Reaſons, 


it is neceſſary, in the Beginning of this our Aſtro- 
nomical Undertaking, 4 ſpeak of our _— 15 
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ſelf, by whoſe Semidiameter we meaſure how far 
- >. ms Heavenly Luminaries are remov'd from us, 
and to enquire concerning its Magnitude, Now, 
in order to the determining this Semidianieter, 
we mult firſt ſtate its Spherical — as follows. 


ED Be Propoſition I. K 


-The-. Figure of the Earth is nearly Spherical. II 
only ſay nearly: For tho with all Aſtronomers 
we aſſert in the general, that our Earth is a 
Sphere; nevertheleſs we mean not thereby a per- 
fect or Geometrical Sphere, but an imperfect one, 
and, in truth, an Oblate Spheroid. For though 
the Inequality ariſing from Hills and Valleys, 
may not ſeem to be of much Conſideration in the 
Cale, by reaſon of the ſmall. Proportion which 
they bear to the Diameter of the whole Earth; 
yet the Elevation of the Equatoreal Parts, and 
the Depreſſion of the Polar, which ariſe from 
the Diurnal Motion, and the Endeavour which is 
in all the revolving Parts of receding from the Axis, 
as will hereafter be demonſtrated from the Prin- 
ciples of Sir Iſaac Neuton, forbid us to attribute to 
the Earth a Figure perfectly Spherical: Yet upon 
the whole it is to be laid down for certain, that 
the Figure of the Earth comes very near to that 
of. a Sphere. Which we thus demonſtrate. 

the: (I.) Im all Lunar Eclipſes, it is a conſtant 

and perpetual Obſervation, as any one who will 
look over the Figures of them, amongſt Aſtrono- 
mers will obſerve, that the Shadow is bounded 
with a Circular Line. Whether the Shadow pro- 
ceeds from the Earth it ſelf,or from its Atmoſphere,” 

— (though the latter indeed is the Truth ) che thing 

is 
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is the ſame in the preſent Caſe: For if the Shadow 
of the Atmoſphere be circular, the Shadow of 
the Earth, which is incloſed on every ſide there- 
by, muſt be circular too. But now it is a thing 
moſt manifeſt, and which needs not to be demon- 
ſtrated, that that Body which always, and every 
where, and in all Parts of its Revolution caſts a 
Shadow plainly round and circular, can be of no 
other than a round and circular Figure. | 

(2. ) It is likewiſe a conſtant and never-failing 
Obſervation in all Voyages by Sea, and in all 
Journeys by Land, which are undertaken right 
forwards, either to the North or South , in every 
Meridian and Climate whatſoever, that the Poles 


are elevated or depreſs d in Proportion to the 


Way which hath been made. This thing is atteſt- 
ed by innumerable Journals of Sailors. But now 
it is a Propoſition moſt certain, and too eaſy to 
ſtand in need of a Demonſtration in this Place, 
as being abundantly manifeſt to every one that 
will but conſider it, That any Body whatever, 
which is cut with innumerable Plains, interſecting 
each other 1n one common Line or Axis, if all 
the Sections produc'd in the Surface of it, be cir- 
cular, it cannot be other than Spherical. It muft 
not be deny d, that we here meet with a Diverſi- 
ty of Meaſures; ( eſpecially if we compare thoſe 
of the Ancients together, whoſe Obſervations were 
leſs exact and accurate, as not coming up to either 
the Skill or the Opportunities of the Moderns.) 
But this can create no Difficulty here; ſo long as 
in all Meaſures whatever, directly Northward' or 
Southward, the Proportion betwixt the Altitude of 
the Pole, and the Way meaſured, doth always ob- 
tain ; and an equal Way makes an equal Elevati- 


on, or Depreſſion of the Pole Star, whether the 


B 2 Mleaſure, 
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Meaſure, by which that Way is defin'd, be more 
or leſs exact. : | 
(.) Nor indeed is our Propoſition gather- 
ed only from the Latitudes of Places, but alſo 
from their Longitudes, For thoſe who have 
ſearched to find out the Longitudes of Places, or 
their Diſtances Eaſt and Wet, which hath been 
often done from Lunar Eclipſes both by Sea and 
Land, have obſerved the ſame Intervals of Places 


under the Equator, which, by the former Obſer- 


vations, agree to the Degrees of Latitude ; and 
the fame Intervals alſo of Places lying under the 


reſt of the Parallels, which ought to be found in 


every ſuch Parallel, in Proportion to its Diſtance 
from the Equator.. From all which Obſervations 
of Diſtances, it is further manifeſt, that the Fi- 


gure of the Earth is nearly Spherical. Of which 
thing alſo, 4 


(4) The Noble Art of Navigation, by which 
Ships are conducted unto the fartheſt Coaſts, is a 
moſt evident Proof. For fince that Art hath ne- 
ver delivered any other Rules of Sailing, than 
what were deduced from the Spherical Figure of 
the Earth, and the Reſolution of Spherical Tri- 
angles ; there is no room for doubting, but that 
it hath truly ſuppoſed the faid Spherical Figure. 
For it cannot be, that the Rules for directing Ships 
into Ports through the vaſt Ocean, ſnould certainly 
and infallibly have their intended Effect, if the 
Terraqueous Globe were of any other Figure, 
than that from which the whole Art is deriv'd ; 
as is manifeſt of it felf, | | 

F.) The Spherical Figure of the Earth is alſo 
certainly concluded from the perpendicular De- 
ſcent of all heavy Bodies. For moſt manifeſt it 
is, and evident to all, and what hath been atike 
obſerv'd in all Regions whatſee ver, both by LT 
= an 
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and Sea, that heavy Bodies, when lifted up, do fall 
down to the Surface ofthe Earth, or Water, in Lines 
perpendicular thereto, or, which is the ſame thing, 
to its Horizon. Which is an irrefragable Proof 
of our Propoſition; ſince, as in all plain Figures, 
none can have its Perimeter every where perpen- 
dicular to the Radius, but a: Circle: So none 
amongſt Solids, but a Sphere, can have its Sur- 
face or Horizon perpetually and every where per- 
pendicular to its Diameter. I know that there 
is one Writer, who aſſerts the Figure of the Eartn 
to be very divers from the Spherical; notwith- 
ſtanding the ſaid perpendicular Deſcent of Bodies: 
But then he was forced to ſuppoſe, that the Deſcent 
of all heavy Bodies was not made towards its com- 
mon Center; which ſince it cannot, with any 
Face of Reaſon, be aſſerted, we ſhall not trouble 
our ſelves any farther-about that ſingular Opinion. 
And thus muoh in this place of the firſt Propoſition. 

(6.) All the other great Bodies viſible in the 
Univerſe, the Sun, Moon, Fixed Stars, Planets, 
and Comets, are Spherical ; ſo that there is ſmall 
Reaſon to ſuppoſe the Figure of the Earth to be 
different from that af all the reſt. 


Prop. II. 


The Circumference of the Earth is near 25000 Engliſh 
Miles, each containing 5280 Feet ; and conſequently 
its Diameter, the Proportion whereof to the 
Circumference is as 113 to 355, will contain near- 

ly 7935 of our Miles. : | 
* The Meaſuring of the Earth, which is a Body 
too large to be meaſured in its whole Compaſs, 
or any other Way than by determining its Cir- 
cumference from the actual Menſuration of a 
leſſer Part, the Proportion whereof to the whole 
is given, hath been 28 at divers times, and 
3 in 
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by divers Methods. Accordingly our Buſineſs 
here muſt be firſt to deduce thoſe ſeveral Methods, 
which have been made uſe of for this Purpoſe; 
and then to enquire, which of them appears to 
have been the beſt and moſt exact. Thoſe divers 
Ways of Menſuration may be brought under Two 
Heads; for either this hath been attempted from 
the Conſideration of the Earth alone, and with- 
out Reſpect to the Heavens; or elſe the Celeſtial 
Appearances and Obſervations have been made 
uſe of to that End. We ſhall conſider both theſe 
Methods, beginning with the Terreſtrial. 


(1.) Let C be the Top of a very high Moun- 
tain, [which is of: every Side 'encompals'd with 
the Ocean: ] And from thence, let the Spectator 
direct his Sight to D, the fartheſt Point of the 


"Viſible Horizon. And let BDE be 4 great Circle 


of ehe Earth, the Plain whereof” paſſeth through 
the Top of the Mountain: And let BC, the 
Heighth of the Mountain, and the Tangent cn, 


MK - 
12 


0 
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the: fartheſt Proſpect of the Bye, be both of them 
otberwiſe knowii. Here (by Prop. 36. of the IIId 
Bock of the Elements,) the Square of the Tan- 

ent CD is equallto the Rectangle ECB, or that 

iich is comprehended under E, the Diameter 
of: the Earth: taken together With CB the Height 
of the Mountain, and CB the Height of the 
Mountain taken ſcparately. Since therefore the 
Tangent CD, and GB the Height of the Moun- 
tam, are both of them given; divide CDq by CB, 
that is the Square of the furtheſt Proſpect by the 
Height of the. Moeüntain, and the Quotient. ill 
give you the Line CE, which-/is: compounded of 
the Diameter of che Earttiand the Heightiof the 
Mountain; fröm which therefore ſubſtract the 
Height of the' Moumtain, : ahT you will obtain 


BE the Diameter of the Earth. Thus, let C be. 


the Top of thethigheſt Mountain of all the Ca- 
wary Iſles, Pito de 7encriff; let Ch be the Altitude 
thereof, ando tet it be ſuppos'd to be 21120 
Engliſb-Feer ; let the Diſtance CD be 940,935 of 
dhe ſame Feet: Since the Square of this Number, 
2885, 359,481, 600, is equal to the Square of the 
Rectangular Number, compounded of EC and 
CB multiplied together, of which the Side BC is 
given: If it be divided by CB, it will yield for 
the Quotient CE = 41, 920, 430; from which 
ſubſtract CB == 21220, the Remainder will be 
BE, the Diameter of the Earth 41, 899, 3 10 
Feet, =7935Miles:; from whence the Circumfe- 
Tence is eaſily had, as before, =25000- Miles. 

\ (2.) In the fame Figure, ler the Angle BCD, 
that which is-contain'd under the Perpendicular 
Line AC, paſſing through: the Genter of the 
Earth, and the Tangent DC, be taken by a Qua- 
drant, or ſome other proper Inſtrument, as accu- 
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rately as may be; (and for that Purpoſe, let it bo 
taken at the Time of the Sun's. or Moon's riſing or 
ſetting; becauſe the Meaſurer will at that time be 
able more exactly to diſtinguiſh and define the Ho- 
rizon:) And let the Tangent DC be given. In 
this Caſe, becauſe CD toucheth the Circle, and 
the Side DA is the Semidiameter of the Circle 
drawn to the Point of Contact, the Triangle 
ADC will be Rectangular in D; but the Angle 
DCA is given by Obſervation; wherefore the 
Complement thereof DAC is alſo given. Since 
therefore in this Triangle, the Side DA is the Ra- 
dius, DC the Tangent, and AC the Secant; As 
is the Tangent DC to the Radius DA, ſo is DC 
in Miles, to DA in Miles; which DA is tHe Se- 
mi-diameter of the Earth it felf. Put it thus 
therefore, DC: DA: : 1: 100: Then if DC be 
40 Miles, DA will be 4000. 2. E. JI. 

(z In the ſame Figure, let the Angle DCA 
be known by Obſervation; and let CB, the 
Height of the Mountain, and not the Tangent 


CD, be the Side given. Since in the Rectangu- 


lar Triangle DCA, all the Angles are given; and 
the Side CB, the Exceſs of the Secant AC, above 
the Radius AB, or AD, is alſo given; Then by 
the Canon of Sines, Tangents, and Secants, the 
Radius it ſelf may eaſily be found: For as CB is to 
DA, or BA, in Parts of the whole Radius; ſo is 
CB in Miles, to BA in Miles. 2. E. J. 
(A.) In the former Figure, let C and F be the 
Tops of Two very high Mountains; and let the 


Diſtance of the Two Mountains BG, be found 


out by actual Menſuration; then let the Angles 
ACF, AFC, made by the meeting of the Semi- 
diameters of the Earth with the Line connecting 
the Tops of the Mountains, be taken by fome 


proper 
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proper Inſtrument with the greateſt exactnęſs poſ- 
ſible. Here, becauſe B G is given in Length, 
and the Angle at the Center CAF is alſo given, 
it being the Complement of the given Angles 
C and F, we ſhall eaſily find the whole Circum- 
ference. For ſay thus, If the Angle BAG, or 
the Arch BG, of 5 Degrees, ſuppoſe, contains 
347 Miles; How many Miles ſhall 360 De- 
grees, that is, the whole Circle contain? i. e. 25000. 
And thus much for the Terreſtrial Methods of 
Menſuration. Of all which in the cloſe this is 
to be ſaid, that they are more pleaſant to him that 
contemplates them, than profitable to the Practi- 
ſers. For notwithſtanding that they all depend 
upon Geometrical Demonſtration, and conſe- 
quently are in themſelves moſt certain; yet the 
Errors which proceed from the Refractions which 
are in our Atmoſphere, and: the want of the 
Knowledge of the exact Height of the Moun- 
tains, and of the Horizontal Diftances are wont 
to be ſo great, that nothing of Accuracy, or 
of Certainty is to be expected from the aforeſaid 
Methods in the preſent Search. Come we there 
fore in the next Place to te 
(2.) Celeſtial Methods, which are far more 
ea, certain, and ſafe to be depended upon. 
As for which, although divers of them be rec- 


kon'd up by Authors, yet ſince 'they all tend to 


the ſame Scope, and are altogether built upon the 
ſame Foundation, there is no need to conſider 

them ſingly. | 
Their general Intention is this, that the divers 
Altitudes of the Pole, in two ſeveral Places, ſitu- 
ate directly under the ſame Meridian, being found, 
they may by Actual Menſuration find out alſo the 
Interval of theſe two Places in Miles or Furlongs, 
; a . OT 
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Aſtronomy. After Andximinder, 'Eratofthines, 2 
moſt famous' Geometricizfh Attempted the Fe 
Menſuration with great Sagacity. He indeed 
rightly took away 150000 Furlongs. from the 
Number aforegoing, making. the Meaſure n- 
quir'd for to be only 250909 1 chus 
he came nearer to the Tri th, Albeit 9.0 did 5 85 
yet wholly, attain unto! it. Poſidonine ext 
Eratoſthenes ſet upon this Bac, who from 195 

Wt do be 
cut off, and affirm'd th e, Com oy of the 
Earth is 180000 Furlong ; Which N eaſyre* 80 
receiv'd and us d by Po , And by N vas 
graphers' alter him for à long time; nor. f 8. 955 
will appear Tem What, olfows 3s very Xin 
of the Truth. Aft r ſome. ges, JN 


of the Arabian, cal ng togethe * re MF at 755 | 


maticians, gave them in ai 6. to Tearch our iche 
Circuit of, the; . 3, which was, 1 the 
Fields of Miſehufams ; "and. A, little Tan 
20000 Miles were attribücgl to . K att h eſe, 
and a gre: it diſtance of time from them, S 

an Hollan er, from a more exact Scrutin/ and N ay 
of Meaſuring, demonſtrated,” that about 24605 
Engliſh Miles Werk to be aſcrib'd.t to the Earth. And 
chus we are come at len gth” unto. the aft. Mea- 
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to be expected, have twice apply d and ſet them- 
ſelves to this Work by the Command of the 
Moſt Chriſtian King, and have outdone all others. 
The Learned Picard was ſet over this Work the firſt 
time, & the famous Caſſni the 2d time. Now to give 
ſome Account of the firſt Menſuration, it was done 
thus. In Picardy a Northern Province of France, ithere 
isa certain Way or Caufey paved with Stones, which 
lies in a right Line, and leads from a Place called 
the D unto Fuviſium: this Way afford- 
ed the fundamental Baſe of the whole Menſura- 
tion, and it reacheth for almoſt Seven Miles in 
Length. It was eaſie therefore, by known Mea- 
ſures apply d to it, ſo exactly to determine the i 
Length of this Rectilinear Way, that they ſhould 
ſcarce err one ſingle Foot. from the Truth. Then 
by the help of ſo great a Rectilinear Diſtance 
they were able to meaſure alſo larger Intervals of 
Places by ſeveral Stations, and Trigonome- 
trical Calculations. And they uſed ſuch Induſtry 
as to determine the Diſtances of Places they mea- 
ſured. with a double Series of ſuch Stations and 
Triangles. And fo happily did the Matter ſuc- 
ceed with them, that ſcarce any body is to expect 
to be able to perform. it much more accurately. 
For the Space which lies betwixt Malvicin and 
Surdon , and lies almoſt in a ſtraight Line from 
South to North, this Space they with the greateſt 

igence meaſured” with the moſt exquiſite In- 
ſtruments, and thoſe furniſh'd with Teleſcopial 
Sights; they found alſo the Polar Altitude in both I 
Places with equal care, as did Caſſini afterwawds. 8 
Fromall whichOperationsthey both aſſignedalmoſt 
the ſame Meaſure to the Perimeter of the Earth, 
which our Mr. Norwood had done before, and we 
laid down in the Propoſition ; which Determina- 
A enn 1 on 
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tion therefore we ought in all good reaſon to reſt 
ſatisfy d with, eſpecially, ſince theſe Parts of 


France, by reaſon of their lying well nigh in the 


Middle betwixt the Equator and the Pole, are 
on that Account the moſt accommodate for the 
ſeeking the Mean Magnitude of the Earth 


as being neither much elevated nor de eſſed 


by the Diurnal Motion. Paſſing by therefore for 
the future the Meaſures of others, we ſhall, with 


the moſt celebrated Mathematicians of our Age, 
ce 


adhere to this alone. And let theſe Things ſu 

to be ſpoken in a preliminary way concerning the 
Figure and Meaſure of the Earth, We ſhall che 
next Lecture, God willing, undertake to treat of 
the Heavens, | 


Feb. 3. 178. 
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H ING now prepared our Meaſure we 
come to the Things to be meaſured, and 
make our Approaches to the Heavens themſelves. 
And ſince in all right and orderly Procedure we 
go from Things more known unto Things leſs 
known, and from Things unmov'd to Things 
moveable ; and fince alſo we define the mutable 
Places of the Planets, and meaſure their Angular 
Diſtances, from the immutable Places of the fixed 
Stars; it ſeems moſt methodical to ſubjoin to the 
former Diſcourſe, concerning our Foundation of 


meaſuring, the Semidiameter of the Earth, that 


which concerns the Fixed Stars ; after which we 
ſhall come to ſuryey the intermediate _— 
an 
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and the Syſtem of the Sun, Planets, and Comets, 
which indeed is by far the moſt uſeful Part of all 
Aſtfonomy. In the handling of all which we 
propoſe to our ſelves to follow this general Me- 
thod ; namely, firſt toenumerate and ſet down the 


principal Phznomena, and then to ſolve them 
Aſtronomically. Accordingly, in the Firſt Place 


we muſt reckon up the Phænomena of the Fixed 


Stars, "as follows. e de maths 
(I.) All the Stars, as well the Fixed as Erratic, 
wich the whole Furniture of the Heavens, do 
Riſe and Set every Day; or appear to revolve 
from Eaf to Weſt in a circular M | 
performed about the Axis. of the World ; and this 
along Lines Parallel to the Equino&ial Circle. 
(2.)Beſides this general apparent Motion, which is 
perform'd in well nigh the Space of 24 Hours, in 
a perpetual Succeſſion, the Fixed Stars ſeem to be 
moved with another Motion alſo almoſt quite 
contrary to the former ; for they are found to 
change and enlarge their Longitudes, that is,their 
Diſtances from the beginning of Aries, reckoned 
along the Ecliptic, or towards the conſequent 


Signs. For what Fixed Stars appeared in Hippar- 


chafs, or even Ptolemy's time, in that Dodecato- 


morium, or Twelfth Part of the Zodiack called 


Aries, appear now in the Sign Taurus, What Stars 
were reckoned in time paſt as belonging to Tau- 
rus are now aſcribed to Gemini, and ſo on: From 
whence it is gathered, that the apparent Motion 
of the Figed Stars hath gone forward one Degree 


towards the conſequent Signs, in about Seventy 


Years ſpace- ; and that with an even Velocity. 


(30. Although the Fixed Stars are perpetually | 


changing their Longitude from the beginning of 
Aries, as Wo have already oblery'd, yet their La- 
AVEC eden eee eee tine 
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tion, which is | 
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titude or Diſtance from the Ecliptic they do in 
no wiſe change; for what Degree of Latitude 
each fixed Star was found to have in the time of 


— _ 
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= Hipparchus or Ptolemy, the ſame do we 
remain till unchanged at this Day: 


(4.) The Diameters of the Fixed Stars, as be- 


held through Teleſcopes, are very ſmall and al- 


find to 


7 


1 5 , moſt inſenſible; and the Stars themſelves, thus 


, . 
3 . 
t 
* 
8 lax. 
: 


diveſted of their adventitious Rays, ſeem , as it 
were, ſo many Lucid Points, and with ſo ſmall an 
Orb as is ſcarce viſible, NIV 12 
C. The Fixed Stars are wholly without a Di- 
urnal, but not wholly without an Annual Paral- 


= 


(6.) There is amongſt the Fixed Stars a certain 


7 Path brighter than the reſt of the Heavens, which 
therefore is named the Milky Way; and it is ex-, 


*Z tended through no ſmall part of the whole Hea- 
ven, in the Likeneſs of a kind of Circle, of ſome 
Breadth. . att te A IE 8 02 
(.) The Number of the Fixed Stars, to be ob- 
ſerved by the naked Eye is not near 2000, 
but by the Advantage of Teleſcopes they are 
found to be Ten, or even Twenty Times more. 
And by how much the Teleſcope we uſe is the more 
exquiſite, by ſo much the more the Number of 
the viſible Stars is increaſed; ſo that it is much to 
be queſtion'd, whether we ſhall ever arrive at 2 
definite and certain Number of them. | 
(8.) The Light of the Fixed Stars is more 
ſtrong and lively than that of the Planets, al- 
though their apparent Diameters be far leſs. + 
(9.) The Fixed Stars ſeem to twinkle an 
iparkle much more than the Planets do. 
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16 | Aſtronomical Lectures. : 
. (x0.) The Fixed Stars ſeem to be. diſpoſed in 
no certain Order in the Heavenly Spaces, but as 
it were by chance and fortuitouſſr. 
(1) Certain wonderful Things are obſerved 
about the Syſtems of the Fixed Stars. New Stars 
are ſeen ſometimes, and in a while vaniſh out of 
Sight. The ſame Stars are ſometimes ſeen to | 
change their Magnitude or their Splendor, and 
to appear by Turns greater and leſs ; of a duller 
and more vivid Light. Laſtly, In Orions Sword, 
as Hugenius has obſerved ,. there is a certain Space 
which appears much brighter than all the reſt of | 
the Heavens: yet is it not diſtinguiſh'd with Stars 
more than uſual. bk the = 

- Theſe are the principal Phenomena of the Fix- 
ed Stars, which we ſhall endeavour to account for 
under the following Solutions. uy 


Phenom. I. All the: Stars ſeem to revolve about 
the Earth from Eaſt to Weſt in near the Space of 24, 
Hours, ba 3G 

For the explicating this moſt known and daily 
Appearance, there is no neceſſity for us to di- 
ſturb all the Heavens, and to turn the Order and 
Frame of the Univerſe it ſelf upſide down. No 
Neceflity to deviſe an Immenſe, and almoſt, in- 
credible Circumgyration of all the Stars, as ſome 
of the Ancients, with their Modern Followers 
have done. Nor indeed does it ſeem fit, that the whole 
Syſtem of the World, ſo vaſtly wide as it is ex- 
tended, ſhould be turned round this ſmall little 
Earth: He muſt needs be a perfect Stranger to 
Aſtronomy, who perſiſts {till in an Error ſo groſs | 
and out of Date. It is now certain, that our 
Earth by turning it ſelf about its own Axis daily 
from MWeſt to Eaſt, muſt needs preſent to our Sen- 
ſes the Syſtems of the Stars both Fixed and 

"IF Erratic 


iy 


Erratic with all the Furniture of the Heavens 
licewiſe, as turning about ĩt ſelf from Eaſt to Weſt: 
For ſeeing. our Eye cannot perceive its own Mo- 
tion; ſeeing alſo our Eye is turned round, with 
the Earth, it cannot well be, but that it ſhould 

poſſeſs the Mind at firſt with a Notion againſt the 


1 anden of the Earth; tho' it be indeed mov'd, 
= and at firſt aſcribe the divers Poſitions of the Stars, 
which ariſes from that Diurnal Motion of our 


= own Globe, to another Cauſe than the true dne; 


that is, to the Motions of the Heavenly Bodies 


* themſelves. Mie ſail frem the Port, ubile the 
= Heaven und Stars ſtem to tecede from us: At leaſt. 
therefore it is known, that all the  Phanome- 
= of the Primuin Mobile, as it Was call'd of old; 
may be deduced from the Motion of the Earth 


about its own Axis, without the leaſt Circum- 


volution of the Heavens. Moreover, it is no 


leſs certain, from the late Obſervations of Aſtro- 


5 homers, that very many of the reſt of the Hea-. 
WF venly Bodies are in like manner turn'd con- 
WF tinually about their own Axis; *nd that thoſe 


Bodies are neither leſs chan our Earth, nor ſeem 


in their own Nature more fitted for ſuch 2 Ro- 
tation. What hinders therefore, but that we 
mould free the Heavens from that ſuperftuous La- 
bour, arid attribute the ſame Diurnal Motion to 
the Earth it ſelf ? The Prince himſelf of our Sy- 
ſtem, the Body of the Sun, and of his Planetary 
Attendants not a few, as is now found out 
for certain, revolve about their own. Ares; 
the Times alſo of their Revolutions differ 5 
much from that Revolution we ate treating of: 
That Motion, therefore, even from m̃ere Conje- 
ture, and a Compariſon made of it wich its Fel- 
low-Bodies; is wit "I tuch Probability attt i⸗ 
ute 
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buted to the Earth. But if, we conſider withal 
the Phenomena of the Primum Mobile, which other- 
wiſe are altogether inexplicable, on any Ground 
of Probability, we may with, very good Reaſon 
pronounce, that. without all doubt, that Motion 
doth agree to the Earth, and not to the Heavens. 
Phænom. IL: De Fixed Stars, beſides the general 
Motion foregoing; ;' ſeem! to:be mov d with another Mo- 
tion, which' as almoſt contrary to the former; fer they 
are found to- change. and enlarge their Longitudes, or 
Diſtances from the beginning of Aries, as was above- 
ſaid ; going forivards towards the Conſequent Signs | 
with an even Velocity, and making about one Degree in 
Seventy Years-Space., 1 
For the explicating this Phznomenon of the 
Fixed Stars, a Thing more known to the later 
Times than to the Antients, there is no more re- 
quired a true and proper Motion of the Stars, 
than there was under the former Propoſition. 
It is to be own'd indeed, that the Fixed Stars 
have gone forward towards the Conſequent Signs, 
and are not a little remov'd from the firſt Degree 
of Aries: Moreover, it is to be own'd, that the 


| fame is an even Motion, or at all Times equal 4 


to it ſelf, and goes forward yearly about? Parts 
of one Minute. But what, or what ſort of? 
Point, that firſt Degree of Aries is, from whence 
this Motion of the Stars takes its beginning, is the 
Thing we enquire for: Is it fixed, or is it moveable? 
If any intend a Point fixed and unmovd, and can 
ſhew that this is us ſuch a Point, they will force us 
to acknowledge that the Fixed Stars do indeed 
move forward but if it be a moveable Point, 
as it may be, it is not neceſſary that the Star 
ſhould move forward from it, ſeeing the Point 
it ſelf may perhaps go backward from the 22 ; 

— which 
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the common Interſection of the Ecliptic and 
Equator, that is, that Place or Line where is the 
common Interſection of the Planes of the Eclip- 
tic and Equator, which, when it paſſes throug 

the Center of the Sun, makes the Vernal an 

Autumnal Equinoxes to the Inhabitants of the 
Earth. Now, if the common Interſection of the 
ſaid Planes bz not always in the ſame Place of the 
Orbit; if the Vernal Equinox, ſuppoſe, of this 


Lear was not in the very ſame Place as that of 


the Year before, but was ſomething backwards 
of that, or towards. the antecedent Signs; then 
certainly we may juſtly free the Fixed Stars from 
this ſecond Motion; as well as from the firſt, For 
the Thing will come altogether to the ſame, whe- 
ther we remove the Fixed Stars from the Equi- 
noctial Point, towards the Conſequent Signs; or 
as much remove the Equinoctial Point from the 
Fixed Stars, towards the antecedent Signs. Since 
therefore the Thing is the ſame to us is to the 
Phænomena, whether we ſuppoſe this or that, 
let us again appeal to the Heavens as Arbitrators in 
the Caſe; and from a Compariſon with the reſt 
of the Heavenly Bodies make a Judgment of the 
prom Phenomenon. Now it is a Thing 
known, at leaſt as to the Secondary Orbs, that 
their Nodes, or the Interſections of their Plates 
with the Plane of the Ecliptic, do every where 
undergo a Change, and go backwards by degrees 
towards the antecedent Signs; as is abundantly 
manifeſt, eſpecially in the Lunar Orb. Why 
then ſhould we doubt but that the Caſe is the 
ſame in the Nodes of the Earth, as it is in thoſe 
of the Moon, and all the reſt of the Secondary 

© 2 | Planets; 


nich is certainly by far the more probable 
Caſe : For indeed that Point is nothing elſe but 
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Planets, not one excepted? And conſequently, 


inſtead of an annual Motion of the Fixed Stars, 


it is fit that-we allow the Preceſſion of the Equi- 
noctial Points: Eſpecially, when not only the 
Motion it ſelf, but alſo the very Quantity and 
Velocity of the ſame, as will hereafter be ſhewed, 
are found to anſwer exactly to a Computation 
a Priori of the Regreſs of theſe Nodes. For, from 
the Principles demonſtrated by Sir Iſaac Newton, 
it is gathered, that the Nodes of the Earth ought 
to go backward, and that with ſuch Celerity, as 
makes about Fifty Seconds every Year : Seeing 
therefore that Second Motion, formerly aſcribed 
to the Fixed- Stars, amounts, according to the 
Aſtronomical Tables, to Fifty Seconds every 
Year; it clearly appears, that Sir Iſaac Newton's 
Account of the Motion of the Nodes is the true 
one ; and conſequently, that the Fixed Stars have 
in no wiſe gone forward from the beginning of 
Aries, but that the beginning of Aries hath gone 
back from, or left, thoſe Fixed Stars, and that 
in about Seventy Years it goes backward, or to- 
wards the antecedent Signs, one Degree. 

- Phenom. III. The Fixed Stars, although they per- 
petually change their Longitude, yet their Latitude or 
Difance from the Ecliptic they in no wiſe change ; for 
this is obſerved to be the ſame now that it was in the 
Times of Ptolemy and Hipparchus. 

It is not very manifeſt, how the Followers of 
Ptolemy can be able to account for this Phænome- 
non: For although we fhould grant to them an an- 
nual Motion of the Fixed Stars, and that they do 
indeed change their Places towards the conſequent 
Signs; yet why they ſhould all go forward exactly 
according to the Ecliptic, or way of the Sun, it no 
way appears. The Celeſtial Orbits indeed are - 
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of them found in immoveable Planes; but then 
thoſe Planes are various, and interſe& each 
other at divers Angles; Nor 1s any, one of the Pri- 
mary Planets mov'd in the ſame Plane with ano- 
ther, as all Aſtronomers know very well. If 
there were therefore any Motion of the Fixed 
Stars, it is by far the moſt likely that their Orbits 
would be diſpoſed according to a certain immenſe 
Plane peculiar to themſelves, and inclined to the 
Planes of the reſt of the Orbs in a peculiar man- 
ner, and that their Orbits would interſe& the 
Ecliptic, or Orbit of the Sun, in oppoſite Points, 
as well as thoſe of the reſt of the Planets ; which 
ſeeing it is contrary to Obſervation, from thence 
it is clear, that that Second Motion, as was diſ- 
courſed under the foregoing Heads, is to be a- 
{cribed not to the Fixed Stars, but rather to the 
Earth. Which Motion indeed of the Earth being 
granted, it is moſt eaſy to underſtand how the 
apparent progreſſive Motion of the Fixed Stars 
ſhould be in Longitude only, and not in Lati- 
tude. For ſince the Preceſſion of the Equinoxes, 
or the Regreſs of the Terreſtial Nodes, is per- 
form'd without any Change of the annual Mo- 
tion of the Earth, as to the Plane of the Ecliptic ; 
it 15-neceſſary that the Laticude of the Stars 


ſhould unto this Day remain unvaried : . For if 


both the Fixed Stars do indeed reſt, and the Plane 
of the Ecliptic, or Terreſtial Orbit, remains un- 
changed, as we, with all the Copernicans, do 
rightly determine ; it can in no wiſe come to 
paſs, that the Diſtance of the Fixed Stars, 
which are Unmoveable from that Immovable 
Plain of the Ecliptic, (which Diſtance is that 
which is called the Latitude of the Stars,) 
ſould from the fore ſaid Regreſs of the Terre- 

23 {tial 
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ſtial Nodes incur any Change, as is ſufficiently 
ä oO oh 9 55 
Phznom. IV. The Diameters of the Fixed Stars, 
as ſeen through Teleſcopes, are very ſmall, and al- 
oſt inſenſible ; and the Stars themſelves, when ſtrippd 
of rheir adventitious Rays, appear like ſo many lucid 
Points, and of an Orb ſcarce wiſible. 
This moſt noble, and moſt uſeful Obſervation, - 
ſo plainly neceſſary to the Copernican Syſtem 2! 
of the Werld, we owe wholly to our Teleſco- : 
pical Glaſſes; nor ſhould we be able to defend 
the annual Motion of the Earth with any Proba- 
bilicy without ir. Let us hear that moſt excellent 
Geometrician, Andrew Tacquet, who ſuppoſes the 
apparent Diameters of the Fixed Stars to be conſi- 
derable; and from thence derides the yearlx 
Motion of the Earth : * © The [Orbis Magnus, or} 
* annual Orbir, ſaich he, is to the Copernicay 
F Firmament, that is, that which the Hypothe- 
© fis of the Earth's Motion requires, as the Earth 
is to the Common or Ptolemaic Firmament; 
© that is, that Firmament which the Hypotheſis 
* of the Earth quieſcent requires. Moreover, 
_ „faith he, the Fixed Stars, in the Hypotheſis of 
it the Motion of the Earth, have that Proportion 
1 | *+o the Orbis Mignms, which in the Hypotheſis of 
[8 © the Motion of the Stars they have to the Farth 
it ſelf. For becauſe the apparent Diameters of 
the Fixed Stars, that is, the Angles under which 
thoſe Stars are ſeen from the Earth, are found 
7 without Reſpect had to either Hypotheſis ; and 
1 becauſe all Parallax, whether Diurnal, or that 
which is in the Fiolemaic, or annual, and that 
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© which is in the Copernican Hypotheſis, is equally 
* wanting on both Sides, (which indeed was the 
© Caſe ar that Time, as all muſt own): And be- 
© cauſe, laſtly, by the Conſent of Aſtronomers, 
*(who indeed did all at that Time acknow- 
© ledged ſenſible Diameters of the Fixed Stars) 


© moſt of the Fixed Stars either exceed, or at leaſt 


© equal, the Bulk of the Earth; from theſe Things, 
© faith he, it is manifeſt, that in the Hypotheſis of 
© the Motion of the Earth moſt part of the Fixed 
© Stars either exceed or equal the Orbis Magnus it 
© ſelf: Nay farther, when he thought that he had 
ſhewed, from Ricciolus, that Sirius,or the great Dog, 
is above Eight Hundred Times greater than the 


Earth; from thence he concludes, that the ſame 


Sirius is, in the Hypotheſis of the Motion of the 
Earth, more than Eight Hundred Times greater 
than the Orb of the Earth it ſelf. This is Tac- 
quet's Reaſoning ; nor indeed, if thoſe ſenſible 
apparent Diameters of the Fixed Stars are ſuppo- 


ſed, can we either blame, or overthrow this Rea- 


ſoning of his: But then we ſay, that Tacquet not 
only miſtakes, when he denies all manner of Paral- 
lax to the Fixed Stars, for that they have an annual 


Parallax we ſhall ſhew in the following Solu- 


tion; but he errs in this chiefly, that without 
any certain Foundation he takes it for granted, 
that the Diameters of the Fixed Stars are ſo ſen- 
ſible, as to be ſometimes almoſt a third or a fourth 
Part of a firſt Minute: Which plainly contradicts 
the late Obſervations of Aſtronomers, who have 
uſed Teleſcopes. For (to make uſe of the Words 
of a moſt excellent Obſerver, the great Hugens) 
* * Afﬀeer that the Teleſcopes have cut off the ad- 
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; ventitious Rays of the Fixed Stars which ap- 
* pear to the naked Sight, and ſo have preſented 
them to be beheld by us as being ſcarce any other 

: than ſo many lucid Points, that Difficulty is 
* forthwith taken away; nor doth any Thing 

6 now hinder, but that thoſe Stars may be reck- 

* oned to be ſo many Suns. That therefore we 

may ſolve the preſent Phænomenon, we aſſert, 

that ſuch very little apparent Diameters ought to 
follow upon that Smallneſs of their annual Paral- 
lax, which is by and by to be conſidered; and that 
the Sun it ſelf, if it were ſo far remov'd as to 
be ſcarcely ſubject to an annual Parallax, could 

' Not appear under a greater Angle; as is eaſy to 

be demonſtrated from Trigonometrical Calcula- 

tion. But if the Reaſon be required, why the 

Diameters of the Fixed Stars and their Orbs ap- 

pear ſuch, as cauſed the old Aſtronomers to de- 

fine the Quantity of them ſo large as they have 
done: It is to be anſwered, that no certain and 
definite Diameters of the Fix'd Stars at all, ſuch 
as are thoſe of the Sun, Moon, and Primary Pla- 
nets, have been ſeen either by the Eyes of the 
Ancients or Moderns. And here it was that 
the Obſervers were impos'd upon, to wit, becauſe 
they conſjdered not as they ſhould have done, 
the ſtrong and vivid Light of i 8 Fixed Stars, 
which ſtrikes the Eyes briskly, and moves not 
poly ſingle Points of the Optic Fibres, but alſo all 
the adj jacent Parts withal. Hence was the Occa- 

Hon of the too groſs Miſtake of the old Aſtrono- 

mers, who do ſo much enlarge the Diameters and 

Ochs of the Fixed Stars, which was to have been 

garrected from Opticks: For the apparent 

Mag nicudes of the Fixed Stars, as beheld through 

Teleicopes, are no other than what the greateſt 

and 


2 . E 
4 YP.o7 N 5 
n W 

8 » 
na dy - _— 


Aſtronomical Lectures. 25 


and moſt lucid Bodies ought to preſent to 
the Eye, when they are placed almoſt beyond 
an annual Parallax: For by Reaſon of this im- 
menſe Diſtance, they ought to appear, and are in 
very deed obſerved to appear, little other than 
Points of Light. 
Phænom. V. The Fixed Stars do wholly want 4 
Diurnal Parallax, but have a ſmall Annual one. 

That the Fixed Stars ought to want a Diurnal 
Parallax, as well in the Copernican, as in the 


$ Ptolemaic or Tychonic Hypotheſis, is manifeſt : 
For that they are far beyond the Planetary Re- 
gion is acknowledged by all. Now the Planets 
2 themſelves, eſpecially the Superior, are placed 
beyond the Obſervation of a Diurnal Parallax, 
= as Obſervers too - plainly perceive to their 


own Damage : From whence it is no Won- 


| der, if the Fixed Stars, which are ſo vaſtly re- 


mote, are wholly deſtitute of all ſuch Parallax. 


Nou, that the Fixed Stars are alſo deſtitute of 


all annual Parallax, is what the Followers of the 
true Mundane Syſtem have, till very lately, all 
of them in general believed ; and conſequently, 


that the true Diſtance of the Fixed Stars from us 
could not be known any other way than by mere 


Conjectures. For they, who before us, ſaith 
* Hugeas, have taken in Hand to define ſo vaſt a 


Space, have been able to advance nothing cer- 
© * cain, by Reaſon of the Nicety of neceſſary Ob- 
= * ſervations; which js ſo great that it ſurpaſſes all 


Diligence. And truly it muſt be confeſs d, that 


no Method at all o determining accurately 


and exactly the Diſtances of the Fixed Stars from 
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us doth even unto this Day occur; both becauſe 
of the Smallneſs of the annuual Parallax, which 
is not to be found out but with the utmoſt Care 
and Diligence; and becauſe that the Diameter of 
the great Orb, the Meaſure of this Diſtance, is 
not yet exactly determin'd : But that we are fur- 
niſh'd with Methods, more than one, of knowing, 
nearly, the Diſtances of theſe Stars, we ſhall now 
go about to prove. We will therefore deſcribe 
two ways of Meaſuring, for the obtaining the 
Diſtances of the Fixed Stars: One whereof is the 
Great Hugens's, which is Conjectural; but the other, 
which hath been chiefly practiſed by Dr. Hook and $3 
Mr. Ham ſteed, our Learned Countrymen, is more cer- 9 
tain. The former we ſhall now explain, reſerving 
the other for the next Lecture. When therefore tage 
Famous Hugens did utterly deſpair of all Parallax * 
of the Fixed Stars, one only way ſeem'd to him 
to remain, whereby he might attain unto ſome- 
thing probable, at leaſt, in a Matter ſo difficult to 
l 


be found out. He endeavoured therefore to ſup- * 
ply with Subtilty of Conjecture what the want of 
a Parallaxſeem'd rodeny : He ſuppoſeth therefore 
that Sirius, which is the brighteſt of all the Fix. 
ed Stars, may be equal to the Sun; then he aſ- 
fay'd by what means he might ſo diminiſh the 
Diameter of che Sun to the Eye, that it ſhould 
appear no greater or more fhining than Sirius, 
To which purpoſe he ſtopped one Aperture of an 
empty Tube with a very thin Plate, in the midſt | 
of which he made ſo ſmall an Hole, that a very 
Minute Glaſs Globule being put into it ſuch a very 
ſmall part of the Diameter of the Sun appear'd to 
the Eye placed at the other end of the Tube, that 
the Light of the Sun tranſmitted to the Eye 
ſeem'd no greater nor more. ſplendid, than to 
WWW 1 
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which we behold emitted from Sirius with the | 
naked Eye: In which Caſe he obſerv'd, that no 
greater than a Twenty-ſeven Thouſandth Part of 
the Sun's Diameter was taken in. From whence, 
$ face the apparent Diameters of equal and like 
Bodies are almoſt, if not quite, reciprocally 
proportional; he gathered, that Sirius is Twenty- 
ſeven Thouſand Times further diſtant from us 
than the Sun: In which way of Meaſuring, the 
Diſtance of the Fixed Stars from us is to be reck- 
= oned about 2,200.000,000.000 Engliſh Miles. 
But ſeeing it can in no wiſe be made manifeſt, 
chat Sirivs is of the ſame Magnitude with the 
sun; ſeeing allo it is neceſſary that the Judgment 
"EX of the Eye concerning the Equality of the little 
intercepted Portion of the Sun, to Sirius, in Splen- 
dor, be allow'd to be not a little doubtful and un- 
certain, and ſuch that we can eſtabliſh nothing 
Jupon it ; ſeeing alſo the Diameters and Spaces of 
ſuch a very little Hole and Globe, are ſcarce to 
be determin'd exactly in our Syſtem, [although 
even by the Calculation there will not ariſe any 
4 ow Inequality between the Sun and the neareſt 
Fixed Stars, than we know there is among the 
- | Planets themſelves]. 3 
It is altogether fitting that we ſhould go about 
to determine the Diſtances of the Fixed Stars 
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from the more certain and undoubted Conſidera- 
n By tion of the Parallax, rather than from this inge- 
ſt nious, and barely probable, Conjecture. 
However, this Advantage we may hope for, from 
) chis kind of Meaſuring, that we ſhall at length ob- 
0 I tain, as from the annual Parallax the true Diſtances, 
at BY ſo from this Method the true Diameters of theſe 
'v I Stars. For ſeeing their apparent Diameters do 
iy ſcarce exceed Points, there ſcarce ſeems to be left 
h Wer:: : 4 »: ä 7 oF ol | any | 
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any other Method of obtaining their Diameters, 
3» 


than by ſuch a like Compariſon with the Sun 
as this Sagacious Searcher of Nature and Aſtro- 
nomy has made. But we muſt now leave off 


ſince we have aſſigned what remains to the next 


Feb. 3. 178. 


LE C r. IV. 


Mongſt the Phænomena of the Fixed Stars, 
| which we before propoſed to ſolve, the 
eth, and that the moſt noble, concern'd their 
Parallaxes and Diſtances. For the finding out of 
which we took upon us to conſider a 'Twofold 
Method of Tryal, one Conjectural, and the 
other more certain and undoubted ; that at the 
fame time we might diſcover both their Diſtances 
and Diameters. Now having, in our foregoing 
Lecture, explained the Conjectural Way of Work- 
ing, uſed chiefly by Mr. Hugens, we ſhall now 
open the other, which is more certain and un- 
doubted. Aſtronomers do very well know that 
all the Diſtances of the Stars depend upon their 
Parallaxes, and that there is no ſufficiently firm 
Baſis of Reaſoning in Aſtronomical Matters, 


from the beginning of the newAſtronomy unto the 
preſent Age, the Fixed Stars have been reckon'd 
to have no annual Parallax ; (for as for the Diur- 
nal, no one in his right Wits ever dream'd that 
they were ſubject to that) it is no wonder, if — 
7 : = mo 
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moſt Sagacious Aſtronomers have determin'd, that 

boch their Diſtances and Magnitudes were alto- 

ether unknown. Nor indeed have the moſt ex- 

cellent Obſervers, who ſer themſelves to it in 
good earneſt, been able, till very lately, by ob- 
ſerving the Fixed Stars moſt accurately at divers 
Times of the Year, to obtain even the leaſt ap- 
parent Difference of Place. With how great 
Care and Study the Copernicans applied themſelves 
to this Buſineſs, no one will doubt, who knows 
that from this annual Parallax, if it could be 
found, their Pythagoric Syſtem, or the annual 
Motion of the Earth, which Men have ſo eagerly 
diſputed about, may not only be made probable, 
but alſo certainly demonſtrated ; and that there 
is nothing elſe wanting to the eſtabliſhing that 
Motion, and unto the through Conviction of the 
moſt obſtinate Adverſaries, but that a Parallax 
of theſe Stars might be perceiv'd according to 
the diverſe Poſition of the Earth in irs Annual 
Orbit : Which Parallax Dr. Hook and Mr. Flam- 
feed, our Countrymen, have at laſt attempted, and 
by that means endeavoured, not only to free the 
Copernican Syſtem from all Scruple, but actually to 
demonftrace it. The firſt of thefe, that great Ma- 
ſter of Mechanicks Dr. Hook, in order to the pro- 
ving the annual Motion of the Earth, diligently 
fought whether thoſe Fixed Stars which ſeem in the 
Diurnal Motion to paſs daily over, or very near 
to our Zenith or Vertex; whether theſe Stars, 
I ſay, do at every Time of the Year cut the Me- 
ridian Circle at the very ſame Diſtance from the 
Zenith; as knowing very well, that if they ap- 
proached, though it were never fo little, nearer 
to the Zenith at one Time than they do at anos 
ther, this Difference of Approximation would 
be 


30 Aﬀftronomical Lectures. 


be to be reckon'd as an annual Parallax, and that 
from it the annual Motion of the Earth would be 
certainly concluded. To this purpoſe therefore 
he fixed a Teleſcope Thirty-ſix Feet long, in the 
Roof of his Houſe : By the Means of which he 
meaſured the Diſtance of the bright -Star in the 
Dragon's Head from the Zenith, both in the 
Month of July, and in the Months of Auguſt and 
October; the Diſtance of the ſame from the Ze- 
nith he always found continually diminiſh'd, the 
Star declining ſtill a little from the Zenith to- 
wards the North, as the Nature of the annual 
Parallax altogether required. And he obſerved 
that Diſtance from the Vertex to be ſo varied, 
that he pronounc'd the Difference to be 24” or 
26”. Theſe Obſervations of Dr. Hook have been 
perhaps leſs valued by moſt than they ought to 
have been. However, we ſhall nowſhew how they. 
have been confirm'd by the following Obſerva- 
tions of our great Obſerver Mr. Flamſteed. Out 
of whole Epiſtle, concerning theſe Matters to the 
Famous Walls, we have borrowed what we ſay 
upon this Head. After the, imperfe&t then, but 
yet not inconſiderable Endeavours of Dr. Hook, 
who indeed, I think; is the Man; who hath 
this to glory in, that he was the firſt Diſco- 
verer. of the Parallax of the Fixed .Stars; we 
have Mr. Flamſteed, one of the beſt Aſtrono- 
mical Obſervers that ever was, and out own 
Countryman likewiſe , fully confirming the 
ſaid Parallax, both by his Correction of Dr. 
Hook's Obſervations, and by a greater Num- 
ber of accurate Obſervations of his own. For 
he, for ſeven Years together, purpoſely ob- 
ferv'd the Parallax of the Fixed Stars, with the 
greateſt Care that could be, and with a very 

| , exact 
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exact Inſtrument. He has alſo given us an As- 
count of his Obſervations, and in ſome meaſure de- 
termined the Quantity of that Parallax. Take the 
Account in brief thus; There is in the Tail of the 
leſſer Bear a remarkable Star called the Polar Star, 
and for many Reaſons very fit to be pitch'd upon 
for the finding _ on 8 For ſeeing it 
always appears the Night t roughout, if the 
Weather be clear ; and Teeing i 5 o far diſtant 
from the Horizon, that it is always ſubje& t 

very little Refraction; ſeeing alſo, by Reaſon of 
its great Latitude or Diſtance from the: Ecliptic 
it muſt needs be ſubject to almoſt the — 
annual Parallax; for theſe Reaſons this Pol 

Star ſeems to be ſo ſituated, that it will = 
ſpecial Manner diſcover and ſhew the annual 
Parallax, if any ſuch Thing there be: So that 


arallax by the Means of this 
Star. Nor did he fall ſhort of his Expectation; 
for it is manifeſt, from the comparing of Fifteen 
Sets of Obſervations, made for Seven Years 
together, ( which are all extant in the Epiſtle 
before cited) that the Polar Star hath a leſſer 
Latitude or Diſtance from the Ecliptic about the 
Summer Solſtice, than it hath about the Winter 
Solſtice ; and that the Difference of the Latitude 
ä 8 


i near three Quirters of à Minute. Let S in 
the Figure be the Polar Star. Let ODRI be the 
annual Orbit of the Earth. Let SE be perpen- 
dicular to the Plane produc'd ; through the Point 
E let there be drawn EDI, for the Diameter of 
the annual Orbit; which indeed, as is gathered 
from the Poſition of the Polar Star, will interſe& 
that annual Orbit in D and I, or about the 
Points of the Solſtices; ſo that D ſhalt be that 
Place of the Ecliptic where the yen] is about 
the Summer Solſtice; and I the Place where it 
is about the Winter Solſtice. Let the Lines SI 


and SD alſo be drawn, reaching from the Star S 
to 
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to the Center of the Earth placed in both the ſaid 
Points. Then let AQ in both Places be the 
Earth's Equator, and PX its Axis. Things being 
thus prepared, it is manifeſt, that the Poſition of 
the Earth in the Summer Solſtice is rightly repre- 
ſented by the Point I; and its Poſition, at the 
Time of the Winter Solſtice, by D: and beſides 
that, the Axis of the Earth PX is in both Places 
always parallel to it ſelf. If therefore there be 
no Annual Parallax, the Star S, at the Point D, 
and at the Point I, will be equi-diſtant from the 
Axis PX: And the Angle SDP, the Diſtance of 
the Star from the Pole, about the Winter Solſtice. 
will be equal to the Angle SIP, the Diſtance of 
the Star from the Pole, at the Time of the Sum- 
mer Solſtice; and the Point S will be to be rec- 
kon'd, as it were, infinitely diſtant; or the Pa- 
rallactic Angle DSI will vaniſh away, being, as 
it were, infinitely ſmall. But then, if the Angle 
SD be leſs than SIP, the Parallactic Angle DSI, 
which is equal to the Difference of the foreſaid 
Angles, will be ſenfible; and will be that Annual 
Parallax it ſelf, which we are ſeeking for: And 
ſo the Latitude of the Polar Star at the Winter 
Solſtice, to wit, the Angle SDE will be greater 
than the Latitude of the ſame Star at the Summer 
Solſtice, to wit, the Angle SIE, as clearly appears 
from the Figure it ſelf. Since therefore, from fo 
many and ſo accurate Obſervations of our Famous 
Flamſteed, it is manifeſt, that this Polar Star is by 
ſo much che leſs diſtant from the Pole, by how 
much the nearer che Place of the Earth approach- 
eth unto the Winter Solſtice ; and that it is ſo 
much the more diſtant from the Pole, by how 
much the nearer it approacheth from the Win- 


ter unto the Summer Solſtice ; it is manifeſt, 
that 
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that there is really an Annual Parallax of the 
Fixed Stars, and that the Quantity thereof in the 
Polar Star, is about 42“. This is the yearly Pa- 
rallax of the Polar Star, the Latitude whereof is 
of about ſixty fix Degrees, as it is determin'd by 
Mr. Flam ſteed. From whence, ſeeing the greateſt 
Quantity of the Annual Parallax (which anſwers 
to the Diurnal Horizontal one) belongs to the 
Stars which are about the Pole of the Ecliptic; 
and ſeeing the Parallaxes at divers Angles are be- 
twixt themſelves, as the right Sines of the Lati- 
tudes; the entire Parallax of the Polar Star, ſuch 
as it wou'd have had at the Pole of the Ecliptic, 
or the greateſt of all, will be to the Quantity gi- 
ven by Obſervation, as the Radius is to the Sine 
of Sixty ſix Degrees, or nearly as the Number Ten is 
to Nine: And therefore, by whathath been already 
demonſtrated, the greateſt Parallax of the An- 
nual Orb is almoſt 47”. So likewiſe the Parallax, 
ar the Pole of the Eclipric , is greater than the 
Parallax, in Proportion to the right Sines 
bel»nging to every Degree of Latitude. Be- 
ſides, Mr. Flamſteed, not content with this 
Parallax of the Pole Star, ſought for the Parallax 
of the great Dog, which is by far the brighteſt of 
the Fixed Stars; and thereupon còncludes it to 
be moſt probably about 30“. As therefore the 
right Sine of the Latitude of Sirius, of almoſt 40 
Degrecs, is to the Radius, or as 64 to 100, ſo are 30” 
the Parallax of Sirius, to 47” the greateſt Parallax 
of all. So far therefore as we have been able hi- 
therco to determine the Matter, the Parallax of 
Sirius agrees with that of the Polar Star. Nor doth 
the Parallax of that Star, in the Head of the 
Dragon, which was obſerved by Dr. Hook, and 
corrected by Mr. Hamſtced, differ much from 2 
| other, 
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other, when it is reduced to its greateſt Quantity. 
We muſt therefore conclude, that the Fixed Stars 


are ſubject to in Annual Parallax ; and that the 
Quantity thereof, in the three mentioned Stars; 


Parallax of the Sun, when doubled. For, ſeeing 
the Diurnal Parallax of the Sun doubled, or eſti- 
mated by the Diameter of the Earth, amounts to 
no more than about 20“, as will be ſhew'd here- 


about 47”, as hath been already ſhew'd ; it is ma- 
nifeſt,that the Annual Parallax of the Fixed Stars; 
is at leaſt as much again as the Double of the 
Sun's Diurnal Parallax. D. E. D. oi} £ 

It now remains, that we determine the Diſtance 
of ſome of the Fixed Stars; which is nor a diffi- 
cult thing to do from their Parallax. For, ſeeing 
the Diameter of the great Orb bears that Propor- 
tion to the Diſtance of the Fixed Stars, which the 
right Sine of 47” doth to the whole Sine; the 


is at leaſt as much again as that of the Diurnal ' 


after; whereas the Parallax of the Fixed Stars is 


— 


Digance of the Fixed Stars will be 9000 Semidi- _ 
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ameters of the Annual Orbit, or 706;000,000,000z 
A vaſt Diſtance certainly! but ſcarce a third Part 
; of that which was determin'd by Hugens, from his 
{ BW Conjectural Method: It muſt indeed be own'd 
in this place, that the Certainty of the Annual 
e I Parallax of the Fixed Stars depends upon the Im- 
0 mobility of the Axis of the Earth, or its being 
” Þ perpetually parallel co it ſelf. And it muſt be ac- 
x | knowledged withal, char ic doch vary from that 
i- | Poſture twice every Year. För, from Sir Iſaac 
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of BU Newton's * Demonſtrations it is manifeſt, both that 


h che Equinoctial Points go backward yearly , and 
n 

16 + Philoſi Natur, Princip. Math: Book 3. Props 21: 

r, D 2 that 


36 Aſtronomical Lectures. 


that in every Annual Revolution, the Axis of the 
Earth doth twice incline towards the Ecliptic, 
and twice return to its former Poſition. Nor in- 
deed can the Regreſs of the Equinoctial Points 
be underſtood in that Philoſophy, without this 
Nutation or Oſcillation of the Axis of the Earth. 
Neither doth Mr. Flamſteed deny, that there is 
room for Suſpicion, that this Nutation, how ſmall 
ſoever, may make ſome apparent Parallax or Mu- 
tation in the Polar Star (at leaſt, if not in the 
reſt) without any other real Parallax. This 
Scruple is too conſiderable to be paſs d over in Si- 
lence. And firſt let us hear Mr. Flamſteed himſelf 
in his own Cauſe; who hath rightly obſerv'd, 
that this Nutation doth in no wiſe ſolve the Ap- 
pearances. For, if the ſaid Nutation were the 
Cauſe of this Mutation , the Polar Star would be 
nearer to the Pole about the Equinoxes, than at 
either of the Solſtices; whereof on the contrary, 
it is found to be further from it in the Months of 
March and September , than at the Winter Solftice 
it ſelf. Furthermore, whatever be the Inclinati- 
on of the Pole of the Earth, this Nutation is the 
ſame at both the Solſtices, as will be ſhew'd in its 
place ; and therefore the Situation of the Fixed 
Stars ſhould be the ſame about one Solſtice, as it 
is at the other: Whereas it is manifeſt, that there 
is the greateſt Difference of all betwixt the Two 
Solſtices, and that the greateſt Parallax of all falls 
in them. But then, to put an end to this Diſpute 
at once, we affirm, that this Nutation is too ſmall 
to be at all ſenſible . For, as the Nutation of 
the Lunar Orbit, is to that of the Aquator of the 
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Earth; ſo, ceteris paribus, muſt the Annual Re- 
greſs of the Nodes of the Lunar Orbit, be to the 
Annual Regreſs of the Terreſtrial Nodes. By 
this Rule then, it is not a difficult thing to gather 
the Quantity of this Nutation; foraſmuch as the 
Motions in the Lunar Orbit are very ſenſible, 
and the Annual Regreſs of the Nodes of it, is 
known to contain the Space of Twenty Degrees, 
or 72000” ; while the Nutation of the ſame Or- 
bir ſcarce reaches unto a third Part of one De- 
gree, or to 000“: And the Annual Regreſs of 
the Nodes of the Earth is about 5o”. Wherefore 
the Proportion will ſtand thus ; 
72000 T1000':; (72::1) :: Fo": 42 
Which Quantity of this Nutation is not full three 
Quarters of one Second; and therefore is far leſs 
than to fall under Diſcovery by any Aſtronomical 
Inſtrument whatever. We muſt conclude there- 
fore, from the Obſervations of our Country men, 
Dr. Hook and Mr. Flamſteed, that the Fixed Stars 
are ſubje& to this Annual Parallax, and conſe- 
uently that our Earth hath an Annual Motion. 


And thus much for theſe moſt Noble Aſtronomi- 


cal Problems, the Parallax and Diſtance of the 

Fixed Stars. | | 
Phznom. VI. There is a Path in the Firmament 

of the Fixed Stars, which is much brighter than the 

reſt of Heaven, and is therefore called the Milky Way: 

It is extended through a conſiderable Part of Heaven, in 

the Form of a Circle of ſome Breadth. 

Solution. We owe the Knowledge of the Cauſe 

of this Heavenly Splendor wholly to the Tele- 

ſcope ; which ſhews a vaſt Multitude of little Stars 

in this Path, each of which, by reaſon of its 

Smallneſs, eſcapes the Sight of the naked Eye, 

but is plainly diſcern'd by this Inſtrument. Which 

P ; vaſt 
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vaſt Number of the Stars can ſeem ſtrange te 
none, that duly conſiders the inexhauſtible Power 
of Almighty God. But whether the apparent 
Smallneſs of the'Stars, which make this Milky 
Way, to the naked Eye, be only from their im- 
menſe Diſtance" from us, in Compariſon of the 
other Stars , or from their being really little ones 
in themſelves, we cannot certainly determine, 
unleſs we knew their Diſtance ; and therefore 
muſt refer the Deciſion of this Matter to further 


Obſervations. '-- ; GOC 
Phenom. VII. The Number of the Fixed Stars, 
which may be obſerved by the naked Eye, is much under 
2000; but by the Help of the Teleſcope , they are found 
to be ten or twenty times ſo many. Aud always, by 
bow much the more exquiſite your Teleſcope is, by ſo much 
the greater Number of Stars may be diſcover'd ; ſo that 

t is much to be queſtioned, whether we ſhall ever obtain 
A certain aud fixed Number of them. q 
Solution. We muſt certainly govern ctr Job a 
ments, concerning the Extent of the Univerſe 
by Obſervation; and from this important Pbz- 
nomenon, learn not to ſet Bounds to the Power 
of Almighty God, or even to his Works, any 
farther than ſome plain Revelation from himſeli 
hath bounded them. On which Conſideration, 
it is not incredible that there ſhould be ſuch a vaſt 
Number of Stars. But this indeed may be admir'd, 
that we fhould be able to fee ſo many Thouſands 
of them. This ſeems to be very ſtrange, if that 
be true, which moſt of the Copernicans take for 
granted, that the Syſtems of thETeſt of the Fixed 
Stars are each of them as big as this of our Sun; 
which we all know-to be of fo vaſt, and almoſt 
?mmenſe a Magnicude. For, in this Suppoſition 
of theirs, they muſt remove Thouſands of them, 
SET | „ perhaps, 
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perhaps, to a Diſtance from our Sun, which is 
double, treble, yea, perhaps Twenty-fold of that 
Diſtance, which others bear to him. But indeed, 
ſince the Parallax of the three before-mentioned 
Stars, implies, that thoſe Stars are well-nigh equi- 
diſtant from our Syſtem, albeit they are diſpoſed, 
as to us, in very different Poſitions, and ſeem to 
be of very different apparent Magnitudes; this 
does by no means favour that Copernican Hypothe- 
ſis. We may ſay therefore, that fo great and im- 
menſe is the Syſtem of our Sun, that although 
we ſuppoſe the Fixed Stars to be in general ſo 
many Suns, each ſurrounded with his own-Syſtem 
of Planets and Comets, (which indeed muſt be 


own'd to be a very rational Conjecture); yet a ... 


very great Number of theſe Stars may be placed 
about the Sun on every Side, at or near the ſame 
Diſtance. Nor indeed is there any Neceſſity to 
ſuppoſe, that every Fixed Star is as large, or as. 
well attended as the Sun. Jo conclude; we may 
affirm, that there-is probably a mighty Incquality 
among the Fixed Stars, both in reſpect of their 
Magnitude, and of their Diſtance from one ano- 
ther, and from the Sun; but that this Inequa- 
lity is ſo great, as is commonly ſuppos'd by the 
Copernicans, is a thing which has not been con- 
firm'd, by what Obſervations have been made hi- 
therto about them. | | 

Phanom. VIII. The Light of the Fixed. Stars is 
more ſtrong and lively by far, than that of the Planets ; 
although their apparent Diameters be far leſs. 

Solution. The Fixed Stars, which are ſo many 
glorious Suns, ſhine with their own native, and 


not with a borrow'd Light; ſuch as is that of the 
Planets and Comets, which are opak "i 


wholly deſtitute of Light in themſelves, and ſhine 
D 4 only 
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only\by the Reflection of the Light of the Sun. 
This is that which makes the Difference of their 
Light, that the one is brisk and lively, and ſtrikes 
the Senſory ſmartly, but the other dull and weak 
in Compariſun. Now, that the Fixed Stars ſhine 
with their own Light, is thus manifeſt. All 
Aſtronomers acknowledge, that the Quantity of 
Light in any given Space, depends upon the/ 
Multitude of the Rays which fall within that 
Space; and conſequently that the Decreaſe of 
Light in the Fixed Stars, is in the duplicate Pro- 
portion of the Diſtance of the Fixed Stars from 
the Sun. But it was before fhewed concerning 
three Stars, that they are diſtant from the Sun by 
9000 Semidiameters of the Annual Orbit. Where- 
fore the Quantity of the Light of the Sun, in the 
Place of any of thoſe Stars, is but the 81,000,000th 
Part of that Light of the Sun, which is with us. 
This is the Light of the Sun upon the Surface of 
thoſe Stars themſelves: What will it be then, 
when it is reflected from them to us, in which it 
muſt undergo a like Decreaſe as before, and be- 
come immenſly leſs than that ſmall Part of the Light 
with us? It is certain therefore, that the Fixed 
Stars do not borrow their Light from the Sun: 
And if not from the Sun, there is no other Body 
more luminous, which they can derive it from. 
Therefore they ſhine with their own Light. 
2. E. D. ! xs $8) 
Phznom. IX. The Fixed Stars ſeem to twinkle 
and ſparkle much more than the Planets. | 
Solution. The Twinkling of the Stars is owing, 
not to the Stars themſelves, but to the Atmoſphere 
of the Earth, and to the ſmall Atoms or Corpuſcles 
which float up and down in the Air. For it is 4 
conſtant Obſeryation, that this Twinkling 75 
F F a a. „ n 3 1 1 le 5, 
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jeſs, by how much the higher a Star riſeth above 


the Horizon, or the groſs Atmoſphere of the Earth: 
And it is obſerv'd alſo, that the Planets themſelves, 


which otherwiſe twinkle not at all, do imitate 
the Twinkling of the other Stars, when they are 
beheld through the Smoak of a Chimney. Which 


Obſervations do naturally lead us unto the afore- 


* — 


ſaid Account, as the true Cauſeof the preſent Appear- 
ance. But then, that the Fixed Stars ſhould thus 
twinkle, but the Planets not, the Reaſon is, from 
the Difference of the apparent Orbs of theſe two - 
Kinds of Stars: For the Orbs of the Fixed Stars 
are ſo very ſmall, that the leaſt Particles of Va- 
pours or Exhalations do ever and anon diſturb, 
and break off their Rays from us; whereas the 
apparent Orbs of the Planets are of that ſufficient 
Magnitude, that although ſome Part of them be 
intercepted from our Sight, by the Vapours which 
are interpos'd, yet the reſt of the Orb remains to 
be ſeen clearly, and without Interruption. 
Phenom. X. The Fixed Stars ſeem to be diſpos'd 
in the Heavenly S * in no certain Order, but as it 
were by Chance only. 
Solution, Seeing that the Syſtem of our Sun 
now appears to be diſpoſed in all its Parts, in 2 
moſt beautiful Order, and with wonderful Skill ; 
I fay now, that Aſtronomers have clear'd Heaven 
of all thoſe Eccentrics, Epicycles, and perplex'd 
and confuſed Motions, which ſome of old had 
deviſed in it; and ſeeing the Comets themſelves 
alſo, which before were look d upon to be Wan- 
derers through the Univerſe, as having no certain 
Syſtem which they belonged to, are now found 
to paſs through the Heavens along their Trajecto- 
ries in a moſt regular Manner : Seeing all thin 
are thus orderly, in all thoſe Heavenly ond 
My Wine 
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which we have more Opportunity of knowing, 
it is very rational to conclude, that ſome regular 
Order hath place alſo amongſt the Fixed Stars. 
There may be a certain orderly and harmonious 
Diſpoſition of the Fixed Stars amongſt themſelves, 
when they are beheld from ſome other proper 
Place, although that Order appears not when 
they are ſeen from this Earth : Or this Order may 
conſiſt in certain beautiful, Proportions , fitted 
to the ſeveral Syſtems, which are wholly un- 
known to us. And it is but meet and juſt , that 
from the Excellent Order of all the nearer Bodies, 
which we may and do ſee, we ſhould conclude, 
that the ſame holds alſo, in ſome ſort or other, 
in thoſe remoter ones, tho' our vaſt Diſtance from 
them renders us incapable at preſent of diſcern- 
ing the ſame. Whoſoever ſhall ſeriouſly conſider 

thoſe Works of the great Creator, which are al- 
ready known, or do come more and more every 
Day into our Knowledge, will much ſooner tax 
frail Man with Ignorance and Weakneſs, than the 
Supreme God with Negligence or Confuſion , in 
the Diſpoſition of the ſeveral Parts of theUniverſe. 
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Phenom. XI. — wonderful things are obſer- 
SEPT ved about the Syſtems of the Fixed 
Stars, New Stars are ſometimes ſeen, and preſently 
diſappear. The ſame Stars are obſerved to change their 
Magnitude or their Splendor by turns, as Pining ſome- 
times with a Duller, ſometimes with a more Vivid Light. 

* . Laſt, 


0 
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. 
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Laftly, The great Mr. Hugens obſerv'd à certain ſpace 
in Orion's Sword, much brighter than all the reſt of 
Heaven, but which notwithſtanding, appear d not to 
have my notable Stars in it more than uſual. © 

Theſe Phenomena of the Fixed Stars are here 
added to the foregoing ; not that we intend to - 
ſolve them as readily as we did the other;for they 
are too much beyond us, and placed too far out 
of our reach, for us to undertake ſuch a Thing; 
but only that they may not ſeem to be paſs'd 


' wholly over by us in ſilence. . 


Theſe new Stars have been obſerv'd to be placed 
beyond all Diurnal Parallax, and therefore are 
juſtly reckon'd as belonging to the Regions of the 
Fixed Stars: However, It appears from very ma- 
ny undoubted Obſervations of Aſtronomers, that 
there is not always the ſame Number of the Fixed 
Stars viſible ; but that they ſometimes are to vaniſh 
out of ſight, and ſometimes to recover themſelves 
again. It is recorded, that a New Star appeared 
even in the Age of Hipparchus, which occaſioned 


that Prince of Aſtronomers t compile a Cata- 


logue of the Fixed Stars. A long ſpace of time 
after that there ſhone a New Star in Caſſopeia's 
Chair, which was a very notable one indeed, and 
was much celebrated by Hebo and other Aſtrono- 
mers *. This Star appeared firſt about the Mid- 
dle of November, A. D. 1572, and continued the 
ſpace of Sixteen Months and upwards, even 
until May 1574, in which it utterly diſappeard; 
and it abode all the time in the ſame Place. This 
Star was of a perfectly round Form; it was with- 
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out any Hair or Tail, and twinkled more than the 
reſt of the Stars. The apparent Magnitude of it 
in the beginning exceeded that of Lyra and Syril 
an, the greateſt of the Fixed Stars, yea of Jupiter 
himſelf, which at that time was in Oppoſition to 
the Sun, and conſequently neareſt to the Earth, 
and brighteſt; nay, it ſeemed once like Venus 
it ſelf when it is in its Perigeum ; inſomuch, 
that it was by ſome ſeen even in the Day. time, 
about Noon; and it appear'd by Night through 
the more thick Clouds, when no other of the Stars 
could be ſeen ; until ac length, it gradually dimi- 
niſhed, and at length wholly diſappear d, and has 
never from that time to this been diſcover'd in the 
Heavens. Its Colour at the beginning was Clear, 
Whitiſh, and Splendid; afterwards it grew Yel- 
low ; and then Red like Mars or Aldebaran; after 
that it put on a certain wan Whiteneſs, ſuch as is 
that of Saturn, and retain'd the ſame ; which yet 
became gradually more dull, until both the Co- 
lour and the Star it ſelf vaniſh'd out of Sight. A 
Great and Stupendious Celeſtial Wonder this! and 
ſuch as muſt be tranſmitted to future Ages with- 
out farther Solution here. . 
Furthermore, A. D. 1600. Kepler diſcovered ano- 
ther new Star in the Breaſt of the Swan, which 
continued in the ſame Place for ſome Vears. 

Then A. D. 1604. there ſhone another in the 
Right Heel of Serpentarius ; and this Star was of 
greater Magnitude than the other, but of leſs Du- 
ration, for it continued but for one Lear. 

Then A. D. 1638. there appeared another new 
and wonderful Star in the Neck of the Whale; 
chis Star we ſhall enlarge upon afterwards for ſome 
n otable Particularities of it, ; 


Again: 
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Again, A. D. 1665. A duskiſh New Star was 


obſerv'd in Andromeda's Girdle by the Aſtronomers, 


who were then obſerving a Comet; which Star 
indeed is found by comparing former Obſervati- 
ons to have appear'd before. 

Further, Hevelius himſelf, 4. D. 1670. obſerv'd 
another new Star below the Head of the Swan, 


amongſt the unform'd ones, which was ſeen 


for a few Months, and then gradually diſap- 


peared. 
Moreover, another new Star was ſeen the ſame 


Year at Paris, about the Back of the Swan, which 
after the ſpace of 14 Days vaniſhed away. 


But beſides their Novel Appearance, we men- 


tion'd alſo another Phænomenon of the Fixed 
Stars, namely, that ſome of them have changed 
their Magnitude and their Splendor by turns ; and 
the ſame Stars which had diſappeared have come 
into ſight again, and that at certain Times, and 
fixed Intervals. R 


That new Star above-mentioned, which Jobn 


Phocylides Holwarda obſerv'd at Franeker, in the 
Neck of the Whale, about the Year 1638, is at 
certain times ſeen every Year. This Star, as ap- 
pears from the Obſervations of Bullialdus and He- 
velius, puts on its greateſt Phaſis in the ſpace of 
above Eleven Months ; and conſequently, the 
Period of its Motion is finiſh'd every Year about 
Three and Thirty Days ſooner than ic was the 
Year before. The famous Caſſini adds *, that the 
ſame Star was alfo known A. D. 1596, and that it 
was inſerted by Bayer in his Catalogue, A. D. 
1601, and that from all the Obſervations com- 
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pared 
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| pared together it appears, that the, Meaſure of the 
Yearly Anticipation of the Stars is 35 Days and 
6 Hours; and that the Circuit thereof, ſuch as it 
is, is performed in 330 Days exactly. He adds 
alſo, that it hath not every Year the ſame Mag- 
nitude, and that ſometimes it exceeds Stars of the 
Second Magnitude, whereas at other Times it 
ſcarce ariſeth to the Third; that beſides. it doth 
not always offer it ſelf to be ſeen for the ſame 
ſpace of time, and ſometimes it is ſcarce to 
be beheld for Three Months, whereas at other 
Times it may be ſeen Four whole Months toge- 
ther and more. And laſtly, that its Augmenta- 
tions are unequal, and ſometimes quicker, ſome- 
times ſlower. Theſe are Caſſinis Obſervations 
concerning this notable Star. And not unlike 
Phenomena to theſe have been of late obſerv'd of 
ſome certain other Stars alſo. But becauſe they 
have not come to our Knowledge ſo fully, we 
ſhall not mention them particularly. And thus 
much for new Stars, and their Phznomena 
which in the beginning of our Diſcourſe con- 
cerning them we undertook, not to account for 
as ſome have done, but only to recite, referring 
the Solution of theſe their wonderful Phænomena 
to theſe Poſterity. | | . 
We come now to the laſt Particular, to wit, 
Hugen's Obſervation above-mention'd ; which take 
in his own Words as follows: There are, ſays 
* he, Three Stars placed by Aſtronomers in Orion's 
Sword; and they are very near to one another. 
Now as I was looking, by chance, upon the 
_* Middlemoſt of them through a Tube, A. D. 
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* 1656, inſtead of one Star, Twelve offered them- 
© ſelves to me, (which yet was no new Thing, ) in 
© poſition amongſt themſelves in no wiſe regu- 
© 1zr. Amongſt theſe Twelve little Stars, Three 
© of them, which were almoſt contiguous, and 
* with them Four others, ſhin'd as it were through 
a Miſt ; ſo that the Space which was about them 
appeared much brighter than all the reſt of Hea- 
yen ; and the Sky, which at that time was very 
© clear, and looked very Black, ſeemed as it were 
* to have à Gap in that Place, through which it 
© yielded a Proſpect into a more Lucid Region. 
© And I have often obſerved this ſince that time, 
* without any change of Appearance, and thar 
ein the very ſame Place: So that it is to be 
* thoughr,thatthis wonderful Phænomenon, what- 
* ſoever' it be, is perpetually in that Place; but 
© on, that I never could obſerve any thing like 
* it in any other Place of the Heavens ; for as to 
the other Nebulous, or Dusky Stars, as they were 
* eſteemed of old, and the Milky Way it ſelf, 
* they are found by the Teleſcope to contain no- 
* thing of a Cloud or Miſt in them, and to be 


c 
c 
„ 


nothing elſe but an Heap or Cluſter of little 


* Stars. Thus far the great Hugens. 

To come to a Concluſion of this Head, Caſſini 
aſſerts, that many Stars have been obſerved by him 
in Caſſiopeia, Eridanus, and about the North Pole, 
of the Fourth, Fifth, and Sixth Magnitudes, 


which were unknown to former Aſtronomers; 


and that Stars which were ſeen before have now 


diſappeared. And the famous Montauar alſo, in 


his Letter to the Royal Society, Dated A. D. 1670. 
writes thus: I could give you an account of 
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See Mercator, as before. 
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© many new Things concerning the Heavens, and 
© Things which I have obſerv'd for many Years 
© But I will mention only one which is more ad- 
© mirable than the reſt. There are wanting in 
© Heaven Two Stars of the Second Magnitude in 
© the Poop of the Conſtellation called the Ship, 


Fand the Seats thereof, near to the great Dog, 


© which were obſerv'd by my ſelf and others for. 


© merly. I cannot tell indeed to what Year [ 
© ſhould reckon their diſappearing ; but this is cer- 
© tain, that from the Tenth Day of April, A. D. 
© 2668, unto the preſent, I have not been able to 
© diſcern the leaſt Footſtep of them; all the other 
Stars of the Fourth and Fifth Magnitude, which 
© were about them, remaining in the mean while 
© unmov'd : More than an Hundred Mutations 
I have obſerv'd about the other Stars, but none 
© of them of ſo great moment as this. Theſe 
Things ſays Montanar ; nor is it to be doubted but 
that the Heaven of the Fixed Stars is ſubject to 
very many and very wonderful Changes; inſo- 
much, that many of its Phænomena are (as was 
ſaid before) rather to be left to Poſterity to ac- 
count for, as being to us hitherto wholly inſo- 


luble. 


of the Fixed Stars; and / have endeavoured all 
along to give their Solution where the Thing 

might be done: Come we now to the Contem- 
plation of the Planetary and Cometary Syſtem, 
which is the nobleſt Part of Aſtronomy. And 
here, before I go any further, I muſt declare, that 
T ſhall confine my ſelf to the Copernican Acount, 
and meddle with nothing of the Excentrics, Ept- 
cycles, Central Librations, and the like Hy- 
potheſes of the the Followers of Prolomy and 
| Tycho, 


And thus we have diſpatched the Phenomena ' 


r 
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Tycho, and that for theſe two Reaſons. r. Be- 
cauſe we have already in a manner demonſtrated ' 
the Annual Motion of the Earth, from the Paral- 
lax of the Fixed Stars. For, to what purpoſe 
ſhould I tire my ſelf and others with Shadows and 
perplexed Syſtems, and thoſe now known to be 
falſe, when the Truth is manifeſt ? 2. Becauſe the 
Motion, Order, Poſitions, and Places of the 
Planets, may be found and underſtood far better 
and more eaſily, according to the true, than ac- 
cording to thoſe fictitious Syſtems. I ſhall not 
therefore here trouble my ſelf with any of thoſe 
ingeniouſly deviſed Hypotheſes of the Ancient 
Aſtronomers, which are now-out of doors; but 
endeavour to explain the Order, Motions, and 
Orbits of the true Syſtem : That I may not ſet 
forth the Contrivances of Mortal Men, -but the- 
ever-to-be ' Admir'd and Ador'd Wiſdom of the 
Great Creator in theſe his wonderful Works; 
which is the principal Advantage of all our Phi- - 
loſophical (dT A rencmien Speculations. 
5 Therefore, to come to our Purpoſe, in the firſt | 
place we ſhall treat of the Sun itſelf, the principal 
- Þ Bodyof the wholeSyſtem; and conſider its Diſtance, 
Magnitude, apparent Motion, Orbit, Eccentri- 
2 Ill city, and what elſe belongs to the Solar Aſtrono- 
my. Then we ſhall proceed to the Moon; and 
3 | endeavour to unravel her intricate Phenomena, 
- | which to this time have been hitherto inextricable. 
„ Then we- ſhall treat of the Eclipſes of both the 
d Luminaries; and the Calculation of them. After 
it If this we ſhall proceed tb the Theory of the Supe- 
„ or Planets; then to that of the Inferior; and, 
in the laſt place, to thoſe ſtrange Celeſtial Bodies, 
= | Which we call Comets. IVES 
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Now the chief Phenomena of the Sun are theſe 


which follow: | 

1. The Center of the, Sun is FN to be 

moved every Year in the ſame Plane, or the 
ſame Eeliptic Line; and is ne ver found co change 
its Courſe or Line. 3107 ! 

2. Let, this notwithſtanding, it. appears to be 
mov'd unequally, or with an uneven. Motion, in 
the ſame Line: For a little after the Vernal, and 
à little before the Autumnal Equinox, the Sun's. 
Motion is in a mean for owifeneſs; but alittle after. 
the Winter Solſtice, it is ſwifteſt ; and a lige after 
the Summer Solſtice, it is loweſt. 0 

3. The apparent Diameter of the 8 Sun is greater 
in Winter Time, when his Motion is the ſwifteſt, 
than it 45 in the Summer Time, whey chat Moti- 
on is the loweſt. 


4: Thoſe Places of the Ecliptic.i in which the 


Differences of thoſe apparent Motions, and Di- 


ameters are the greateſt,” are changed in Proceſs. 


of Time; and this always with an even Motion, 


eee, - * 


and towards the Conſequent Signs, PDP 


5. The Ecliptic being divided into, Two Parts 


by the Equinoctial Points, the Sun makes a longer 
Stay by about the Space of Eight Days in the 


Northern Part, than it doth in the Southern Part 


of it. META 


6. Vet is the Space of one entire, 3 
which we call a Near, equal to it felf, or the 


ſame one Year that it is another; an coglilts of 
365 Days, 5 Hours, and about 49 fir ff "hom. 6 
7. The Deelination of he 1 om the 


Equator hath been found in all A be the 


ſame, without any Variation; that i i, 0 & ewenty 
three * and about one half. „ 


8. The 


4 
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8. The Sun's Diurnal Parallax is almoſt inſen- 


Theſe are the Phænomena: We proceed now to 
the Solution of them in the Order propos d. 
Phznom. I. The Center of the Sun is obſerw'd to 
be always moved in the ſame Plane, or the ſame Ecliptic 
Line, and is never found to change its Courſe or Line. 
Solution. Seeing the apparent Motion of the 
Sun doth indeed belong to the Earth, the Queſti- 


on is in Effect concerning the Center of the 


Earth, and why that is moved always in the ſame 
Plane; for if the Center of the Earth be indeed 


always moved in the ſame Plane, the Center of 


the Sun muſt always appear to be ſo mov'd ; and 
ſo on the contrary. And the Anſwer is not dif- 
ficult, which is this. ye # 


It is a Fundamental Law of Nature, that every 


thing which is moved, ſhould tend to continue its 
Motion along that right Line in which it is im- 


pelled; and by conſequence, that it ſhould always 


go forward in the ſame Plane. Now the Motion 


of the Earth is compounded of an Attraction to- 


wards the Center of the Sun, and a projectile Im- 
pulſe along a right Line, which is almoſt at fight 
Angles to the Line of Attraction. It muſt therefore 
be moved in a Plane, paſſing through the Sun's 


Center, and the Lines or Plane of the Projectile 


Force, as well as the reſt of the Planets: Nor is 


there any thing t& diſturb this Direction of tbe 


Projectile Force, and alter that Plane, unleſs it 
be the Attraction towards the Center of the Sun. 


But this Attractive Force tending only to change 


the Motion from being Rectilinear to a Curvili- 
neat, cannot in the leaſt alter the Plane of Mo- 
tion. Therefore by this Law of Nature, the 
E 2 Center 


fible; and his Menſtrual Parallax reacheth not 
unto one Quarter of a Degree. x 
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Center of the Earth is always mov'd in the ſame 
Plane about the Sun: Which is to be underſtood 
likewiſe of the reſt of the Planets. Whence the 
Sun's oppoſite Courſe muſt ever appear to be in 
the ſame Plane. 
| Phænom. II. Net, this notwithſtanding, the Sun 
zt moved with an uneven Motion in the Ecliptic ; for a 
little after the Vernal, and a little before the Autumnal 
Equinox, his Motion is of à mean Velocity; but a little 
after the Winter Solſtice it is ſwiſteſt, and a little after 
the Summer Solſtice ſloweſt. I 
Solution. The Line which the Earth deſcribes 
about the Sun, is now known to be not a Circle, 
but an Ellipfis ; which hath the Sun placed in one 
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of its Focus s. Let therefore, in this Figure, the 
Point I repreſent the Sun, the Curve FDEK the 
Ellipſis in which the Center of the Earth re- 
vol ves about the Sun, which Center is repreſent- 
ed by the Point B. Let H be the other 1 C 
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- the Center of the Ellipſis: the Line K D the 
greater Axis; and in it the Point D the Aphelion, 
K the Perihelion: the Line FE the leſſer Axis: 
IC or CH the Eccentricity, or Diſtance betwixt 
the Focus and the Center of the Ellipſis. Laſtly, 
let the Line MN or OP be the /atus rectum of the 
Ellipſis, and the Line AB interſect the Angle 
HBI in the Middle. "5 
Now it appears by the Obſervations of Aſtro- 
nomers, and by what Sir Iſaac Newton hath de- 
monſtrated ; that the Areas which the Planets de- 
ſcribe about the Sun, by Rays drawn from their 
Centers to that of the Sun, are proportional to 
the Times wherein they are deſcrib'd ; and that 
the Area of the mixt Triangle QIK , is equal to 
the Area of the Triangle BID, if the Arches QK 
and BD were deſcribed in the ſame Space of Time, 
and ſo in the Reverſe. Let therefore the Tri- 
angle QIK be ſuppos'd equal to that BID ; here 
becauſe the right- lin d Sides BI DI of the Tri- 
angle BID, are each of them greater than either 
of the right-lin'd Sides of the other Triangle 
QlK, the Arch BD muſt needs be leſs than the Arch 
QK. But by the Suppoſition, and what goes be- 
fore, the Arch BD was deſcribed in the Space of 
Time in which the Arch QK was. Therefore the 
Earth, conſidered in it felf and abſolutely, muſt 
neceſſarily have a ſlower Motion in the Arch BD, 
which is leſſer, than in the Arch QK , which is 
greater. From whence it appears, that the per- 
« pendicular Velocity of the Earth B is in Ss \ 


Place of the Orbit reciprocally proportional to 

its Diſtance from the Sun; and that if its Diſtance 

in the Aphelion D were double of its Diſtance in 

Cc | the Perihelion K, then the Velocity of it in the 

e | PointK would be double to that Velocity which it | 
| E 3 hath] 
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hath in the Point D. And thus we muſt reaſon 
concerning all other Points of the Ellipſis. Where- 
fore the Earth muſt be moy'd moſt ſwiftly in its 
Perihehon, moſt ſlowly in the Aphelion, and 
with a mean as to Swiftneſs and Slowneſs at the 
leſſer Axis of the Ellipſis, or the Points E, F. 
And the Earth, as is manifeſt from Obiervation, 
is in its Perihelion a little after the Winter, and 
in its Aphelion a little after the Summer Solſtice. 
And thus is this Phænomenon ſolv'd. | 

Phenom. III. The Diameter of the Sun is great- 
er in the Winter Time, when the Motion of it is fwifteſt, 
than in the Summer, when it is ſloweſt, 

Solution. The Diameter of the Sun muſt needs 
be reciprocally proportional to its Diſtance, and 
be the greateſt in its Perigee, or where it is 
neareſt to the Earth, and the leaſt in its Apogee, 
or where it is the fartheſt diſtant. | 

Corollary. Hence we gather, that the Orbit of 
the Earth is not properly Circular, but Elliptical; 
for the Sun's apparent Motion, and apparent Di- 
ameter, are found to anſwer to the Diſtance of 
the Earth from the Sun, when the ſame is com- 
puted according to an Ellipſis, and not according 
to an Eccentrick Circle. . | 

Phznom. IV. Thoſe Points of the Ecliptic (D) 
tbe Aphelion, and (&) the Peribelion, and conſequently 
the reſt, are changed in proceſs of Time ; and this with 
an even Motion, towards the conſequent Signs. 

Solution. Aſtronomers formerly attributed a 
real Motion to the ſaid Points, or to the Aphelia 
of the Planets in general , and conſequently per- 
plex'd themſelves much in determining the Velo- 
city of the Motion of every Aphelion , for the 
better finding the true Places of the Planets for 
every given Time; until that Street our Country- 

5 man 


* 
= 


Aſtronomical Ledures. 55 


man demonſtrated, that this Motion was only 

fictitious, and that the Planes of the Planetary 
Orbits are in a manner unmoveable. ©” 

The apparent Motion of the Aphelion of the 

Earth, is found to be nearly equal to the Annual 

Motion of the Equinoctial Points. If therefore 


you ſuppoſe: the Aphelia to be in a manner un- 


mov'd with reſpect to the Fixed Stars, they muſt 


nevertheleſs appear to be moved fo much forwards, 


as the Equinoctial Points go backward ; as it alſo 
happens to any of the Fixed Stars of the Edliptic 


themſelves. And thus this Phænomenon of the 
Motion of the Sun's Aphelion, is ſufficiently folv'd 
by the Preceſſion of the Equinox. | 

Phænom. V. The Sun tarries longer by about the 
Space of Eight Days in the Northern Part of the 
Ecliptic, or that which reacheth from the Vernal to the © 
Autumnal Equinox, to wit, the Arch (RD. ) than in 
the Southern ; or that which reacheth from the Autum- 
nal unto the Vernal Equinox, to wit, the Arch (AKN). 

Solution, It 1s plain in the Figure, that the 
Elliptic Arch RDQ is conſiderably greater than 
the Arch QKR ; which being conſidered, and 
eſpecially if it be alſo taken into Conſideration, 
that the apparent Motion of the Sun in the Arch 
RDQ, as taken together, is ſlower than it is in 
the Arch QKR ; it will appear manifeſt, that'the 
Sun muſt appear for more Days in the Northern , 
than in the Southern Signs. However, this In- 
equality , which is very worthy of Obſervation, 


is different from what it was in Prolemy's Time, 


and is continually varied. For it muſt needs have 
been the greateſt, when the Line of the Solſtices 


coincided with the:Line of the longer Axis KD, 


and fo the Equinoctial Points fell into the Latus 


rectum MN exactly; and it muſt grow leſs and 


E 4 leſs, 
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leſs, by how much the nearer the Line QR ap- 
proachech unto a Coincidence with the longer 
Axis : In which Caſe, this Difference of the Sun's 
Stay in the Northern and Southern Signs wholly va- 
niſhes away ; and the Difference of his Stay then 
will be found in the fix aſcending and ſix deſcend- 
ing Signs, as compared together, From this 
which hath been ſaid therefore, it appears that 
this Eight Days Difference of the Sun's Stay in 
the Northern and in the Southern Signs, is by De- 
- grees diminiſh'd, and will at length vaniſh for a 
time: As indeed increaſing and decreaſing alter- 
nately, fo long as the Annual Motion ſhall en- 
dure. 

Phxnom. VI. Yet is the S pace of every entire Re- 
volution, which we call a Year, exadly equal to 
every other yearly Space ; to wit, of 365 Days, Five 
Hours with about Forty Nine firſt Minutes. 

Solution, Although there be an Inequality in 
the Parts of this Revolution, as compared amongſt 
themſelves; yet ſeeing this Inequality is always 
the ſame in the ſame Parts, the Quantity of the 
whole Revolution muſt neceſſarily be always the 
ſame. There is indeed ſome Inequality betwixt 

the Time of the Anomaly reſtor'd, or of an en- 
tire Revolution from any Point of the Ellipſis un- 

to the ſame again, (which is equal in a manner to 

the Sydereal Lear,) and the Time of the Annus 

Vertens, or Tropical Year, which reacheth from 

one Equinox unto another; as appears from what 
hach been already ſaid. For the Sydereal Year, 

or the Revolution which is made from any Fixed 

Star to the ſame again , is ſomewhat longer than 

the other. But the Conſideration of this Diffe- 
rence, which is ſo very ſmall, belongs not to this 
'Place ; in which we content our ſelves, to 1 

| that 
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that the foreſaid Inequality of the Parts of the 
Revolution, as compared amongſt themſelves , 
does not ſo affect the Annual Periods, as to make 
any Alteration or Inequality in them. 

Phznom. VII. The Declination of the Ecliptic 
from the Equator hath been found the ſame in all Apes, 
to wit, of about 2 3 Degrees. | ES 

Solution. Tis known that this Propoſition hath 
been long diſputed, and that Aſtronomers have 
not always agreed amongſt themſelves , whether 
the Declination of the Ecliptic be ſubje& to Mu- 
tation or no: Becauſe the Angle of Inclination 
was reckon'd to be greater by the Ancients, than 
it hath been by the Moderns. But if we conſider, 
that the Obſervations of the Ancients were per- 
form'd with Inſtruments not very exa& ; and that 
beſides, they took not the Buſineſs of Refractions 
ſufficiently into their Account ; and that, ſince 
Aſtronomy hath been begun to be reſtor d in 
earneſt, and the Meaſuring of the Heavens to be 
attempted by much more accurate Methods, the 
Declination of the Ecliptic appears to remain al- 
ways the ſame, and unvaried ; we ſhall not doubt 
to lay this down for a true and certain Phxnome- 
non : The natural Cauſe of which, if we enquire 
into, it will appear, that there is nothing which 
ſhould diſturb the perpetual Paralletiſm of the 
Equator. of the Earth, on which this Equality 
depends, except it ſhould be the inſenſible Nuta- 
tion of the Axis, and the Regreſs of the Nodes ; 
from which .things nevertheleſs no Variation of 
Declination, properly ſo calld, can ariſe ; it is 
neceſſary therefore, that the Axis of the Earth 
ſhould keep that Angle perpetually in which it 
was once conſtituted, 5 15 
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Phznom. VIII T HE Diurnal Parallax of the 
. Sun i almoſt inſenſible; and 
its Menſtrual ſcarce ariſeth unto one Quarter of a De- 
ce, 
1 We now come to the Conſideration of thoſe 
moſt Noble Aſtronomical Problems, which con- 
cern the Diſtance, and afterward the Magnitude 
of the Sun. For without the Knowledge of the 
Diſtance of the Sun from the Earth, we both 
want a Meaſure for the defining the Diſtance of 
the Fixed Stars; and ſhall ſcarce be able to know 
the Diſtance of any other of the Planets, the 
Moon excepted, any otherwiſe than in a com- 
parative Way, and in the Proportions which 
their Intervals bear to the Sun and to the Earth; 
and conſequently ſhall know nothing of their ab- 
ſolute Magnitudes. Now there are in the whole, 
three Ways amongſt Aſtronomers of ſeeking the 
Parallax of che Sun ; which although they be 
ſome of them more accurate than others, are all 
of them worthy to be particularly deſcrib'd, and 
throughly conſider d by uin. 
The Firſt is that of the Diagram of Hipparchus, 
uſed by all the Ancient Aſtronomers. The Se- 
cond is by the Obſervation of the ¶ Luna Dichoto- 
ma] the Moon when ſhe is in one of her Quar- 
ters, and appears to us exactly biſe&ed ; which 
Way was found out by the Moderns in the fore- 
going Age. The Third is by the Obſervation of 
the Parallax of Mars or Venus; which is the moſt 
certain and exquiſite of all, and was diſcovered 
by that moſt Famous Aſtronomer Caſſini, and hath 
been followed by De La. Hire, Flamſteed, and 
others. 1. To 
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1. To begin with that of Hipparchus, which hath 


been accurately both deſcrib'd and examin'dby the 
FamousHorrox our Countryman; and is as follows. 


3 AE E 
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Let the Point A be the Center of the Sun, L 
that of the New Moon, B the Center of the 
Earth; let the Center of the Shadow, or of the 
Full Moon, when it is in the midſt of the Sha- 
dow, if it be in its Perigeon, be C, if in its 
Apogeon, be H: And let all theſe Centers be in 
one right Line ALBCHD. Then let the right 
Line ED be drawn, touching the Sun in E, the 
Earth in G, the Shadow in P and N; and let it 
be continued unto D the Top of the Shadow. 
Which being done, it is to be underſtood, that 
the true Semidiameters, that of the Sun AE, that 
of the New Moon LM, that of the Earth BG, 
that of the Shadow when the Moon is in its Pe- 
rigean CP, and that which is when the Moon is 
in its Apogean H N, do all cut the right Line 
ALBCHD at their ſeveral Centers. The appa- 
rent Semidiameter of the Sun therefore will be 
the Angle ABE; the apparent Semidiameter of 
the Moon, the Angle LBM; the apparent Semi- 
diameter of the Shadow, when the Moon is in 
its Perigeon, will be the Angle CBP ; and when 
it is in the Apogeon, the Angle HBN. Then 
the Angle BAG will be the Sun's Horizontal Pa- 
rallax ; the Angle BLG the Moon's Horizontal 
Parallax. The Horizontal Parallax of the Sha- 
dow, or of the Moon when it is in the Shadow , 
will in its Perigeon be the Angle BCG, and in 
its 2 BHG. And the Semi-Angle of the 
Cone of the Shadow, or the Horizontal Parallax 
of the top Point of the Shadow, will be the 
Angle BDG, to which the Angle ADE, the ap- 
parent Semi-diameter of the Sun at that top Point 
of the Shadow is equal. Laſtly, the Diſtance of 
the Sun from the Earth is the Line AB, and LB 


is the Diſtance of the New Moon; the — 
g 0 
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of the Shadow, or of the Moon in the Shadow 
in the Moon's Perigeon, is CB, when in the 
Apogeon is HB; and the Axis of the Shadow, or 
Diſtance of the top Point of it from the Center 
of the Earth, is DB. | $6410 253 

The Diagram being thus prepared, we come to 
the Diſcovery of the Solar Parallax from certain 
things given; and this by the means of the two 
following Theorems. ALLY AUS 

Theorem. I. The Difference which is betwixt the 
apparent Semi-diameter of the Sun at the Earth, and 
that which is at the top Point of the Shadow ; or the 
Difference which is betwixt the apparent Semi-diameter 
of the Sun at the Center of the Earth, and the Semi- 
angle of the Cone of the Shadow , is equal to the Hori- 
zontal Parallax of the Sun. 05 let ; 

That is, the Angle (ABE), when the Angle 
8 ſubſtracted from it, is equal to the Angle 

BAG.) | $ Scl Nl 

Let the right Line GF be drawn parallel to 
AD; then the Angle FGE will be equal to the 
Semi- angle of the Cone ADE. Moreover, the 
Angle AGE is to be underſtood to be equal to the 
apparent Semi-diameter of the Sun ABE (by rea- 
ſon of the very ſmall Difference of the Angles); 
but the Difference of the Angles AGE, and FGE 
(that is, of the Angles ABE and ADE ) is the 
Angle AGF, to which the Angle BAG, the Ho- 
rizontal Parallax of the Sun, is equal. Q. E. D. 

And thus by this Theorem we may find out 
the Sun's Horizontal Parallax, if we can but ob- 


tain theſe two things exactly enough, the appa- 


rent Semi- diameter of the Sun, and the Semi- 
angle of the Cone of the Shadow. As for the 
former of which, we have it determin'd by 
Aſtronomers to contain 16' 6”. It remains 3 

| ore 
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fore, that we find the Semi-angle of the Cone; 
which is: done by the means of this 2d Theorem. 
Theorem II. The Semi-angle of the Cone of the 

Shadow is equal to the Difference of the apparent Semi- 
diameter of the Shadow, and of the Horizontal Parallax 
of: the Moon, which is placed in the Shadow. Or thus: 
If. you ſubſtract the Angle (CBP) the apparent Semi- di- 
ameter of the Shadow, out of the Angle (BCG) the Hori- 
⁊ontal Parallax of the Moon, the Remainder will be the 
Angie (BDG) the Semi. angle of: the Cone of the Shadow, 
or the Sun's apparent Semi-diameter at the Point of the 

Let there be drawn in the ſame Figure, the 
right Line PK parallel to the right Line BD; 
The Angle KPB (as being an alternate Angle) 
will be equal to CBP, the apparent Semi-diameter 
of the Shadow; and the Angle BPG is in a man- 
ner equal to BCG, the Moon's Horizontal Paral- 
lax. But the Difference of the Angles BPK and 
BPG (that is, of the Angles CBP and BCG) is 
the Angle KPG, to which the Angle BDG, the 
Semi- diameter of the Cone of the Shadow, is 
1 03h od 0 A ob 
And thus we have found the Semi-angle of the 
Cone, when we have obtained the Horizontal 
Parallax of the Moon, vrhich is reckon'd to be of 
almoſt one whole Degree, and the apparent Semi- 
diameter of the Shadow it felf in the Place of the 
Moon's paſſing through it, which is defin'd by 
Aſtronomers to be almoft [treble to the Moon's 
Semi-diameter, or about ; thereof. 
This is that Famous Way of finding the Solar 
Parallax amongſt the Ancients; on which all 
their Opinions concerning the Diſtance and Mag- 
nitude of the Stars were built. And truly, as to 
the Method it ſelf, it is moſt certain, as being 
2 grounded 
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grounded upon Geometrical Demonſtrations; ſo 


chat if the Parallax of the Sun had not been ſo 


very ſmall as it is, it would certainly have diſeo- 
vered it; and have ſuperſeded the Neceſſity of 
other Method. It is to be acknowledged indeed, 
that it ſuppoles that there is no Refraction of the 
Rays of Light in the Atmoſphere of the Earth, 
but that thoſe Rays paſs in one ſtreight Line from 
the Sun unto, the Top Point of the Shadow, 
touching the Surface of the Earth in the Mid- 
way. Which direct Paſſage of them is wholly 
contrary to What hath been diſcovered af late: 
And in an Eclipſe of the Moon (by which it is 
that they mainly expected in this Method to ſind 
qut the Solar Parallax) thoſe neareſt Rays are ſo 
far from touching the Earth, and from paſſing 
vnrefracted, that they rather meet with the Axis 
of the Shadow long before they can reach the 
Moon. But notwithſtanding: tfüs, if that were 
all the * which this Method of / Hip- 
perebus is prets; 


d, it would be no hard thing to 
find,a Remedy for it. For ſeeing the Earth's At- 
moſphere ariſeth only unto 40 or 50 Miles, if 
for the Rays, proceeding from the Periphery ot 
the dun, Which paſs next to che Earth, yon ſub- 
ſticute thoſe Which paſs cloſe by or through the 
uppermoſt e the Atmoſphere, in which 
there is no ſenſible Refraction at all, and thus un- 
derſtand the Diagram, all things will be as they 
were. Then upon the hole, it is to be obſerved, 

this Way of meaſuring the Solar Parallax; 
differs little from the Method which Geometrici- 
ans uſe, when they meaſure à remote Obj by 


wo Stations. For in this Metfiod of Hipperchut 
or finding the Sun's Diſtance, we, as it were, 
take two Stations, in each of which we note its 
8 | | Diameter, 
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Diameter, one upon the Earth, the other at the 
top Point of the Shadow. From which double 
Obſervations we attempt Geometrically to find 
out the Diſtance of the Sun. We, I ſay, attempt 
it indeed, and that is all; for by this Method we 
ſhall never actually obtain the exact Diſtance of 

remote an Object. But however, as many 
things may hinder Geometricians from being able 
to attain the Diſtance or Diameter of a very re- 
mote Object, without any Diſgrace to the Art it 
ſelf; even ſo theſe Celeſtial Geometrician Sur- 
veyors, the Aſtronomers, are hindred by many 
things, and thoſe not unlike to the former, from 
being able to find out the Diſtance of the Sun by 
this Method, without any Reflexion upon the 
Geometrical Reaſoning it ſelf. What this Way 
of meaſuring was able to do, it hath indeed done. 
It hath demonſtrated, that the Parallax of the Sun 
is very ſmall; ſo ſmall indeed, that it muſt neceſ- 
farily elude all Attempts in this Way, what Dili- 
gence and Accuracy ſoever is uſed about the Ob- 
ſervations themſelves. This at leaſt we gain from 
this fam'd Diagram of the Ancients, that the Pa- 
rallax of the Sun is ſo ſmall, that it conſiſts rather 
of Second than Firſt Minutes; and tliat its Diſtance 
is ſo immenſly great, that it is to be'reckon'd not 
by a few Miles, but by many Thouſand Semi- 


diameters of the Earth. And thus much for the 


firſt Way. . On 2, 211151 
2. We come now to the Second Method, in- 
vented at firft - Ariſtarchus Samins, às it is rope: 
ed; and practiſed by Kepler, Vendeline, and eſpeci- 
ally Ricciolus. In this the Luna Dicbotoma, or Moon 
when it is biſe&ed, is made uſe of; and ſome have 
cry d it up as the moſt certain, and the only way 
whereby Human Wit and Induſtry can attain to 

meaſure 
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meaſure the Sun's Diſtance. And indeed it is not 
to be denied, but that it is in it ſelf a very excel- 
lent Method. For when the Diſtance of the 
sun from the Earth was found to be ſo vaſt, that 
the Se mi- diameter of the Earth (which is the 
Foundation of the Diurnal Parallax-) bear no 
ſenſible Proportion to it; it was certainly but rea- 
ſonable, if the thing could be done, to try to 
find out what Difference of Poſition there is in 
the Sun, as ſeen from the Earth, and as ſeen from 
the Moon, (which is fitly called, by way of Di- 
ſtinction the AMfenſtrual Parallax) ; for it might well 
be expected, that the Semi- diameter of the Orbit 
of the Moon, which contains about Sixty Semi- 
diameters of the Earth, ſhould bear ſome ſenſible 
Proportion to the Diſtance ſought, although a 
ſingle Semi- diameter of the Earth did not. 

It is well known, that the Moon is in it ſelf an 
Opake Body, and wholly deſtitute of Light. It 
is alſo known to all, that the Moon appears bi- 
ſected twice in every Month, exactly at that 
Moment of Time in which the Plane of the 
Circle of the Moon's Illumination from the Sun 
paſſeth through the Eye of the Spectator, or the 
Center of the Earth. Moreover it is to be ob- 
ferved, that in the very ſame Moment in which 
the Plane of that Circle of Illumination is found 
in the Eye of the Spectator, or the Center of the 
Earth, the Center of the Sun is in that right 
Line, which is perpendicular to the ſame Plane , 
and paſſeth through the Center of the Moon. 
Which things preſuppos'd, it remains to be ga- 
thered from the right-· angled Triangle now men- 
tioned, what Proportion either of the other 
\ngles bears to à right one; for if this were once 
nown, ſince the Diſtance of the Center of the 

F Earth 
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Earth from the Center of the Moon (which is 
one of the Sides about the right Angle) is known 
alſo, we ſhall eaſily find out both the Parallax, 
and thence the other two Sides. Therefore let 
the Moment of Time be obſerved, wherein the 
Dichotomy of the Moon falls about the goth De- 
gree of the Ecliptic, and when the Altitude of 
the Moon is the greateſt, and her Latitude the 
leaſt; that Errors ariſing from the Refraction of 
the Light, and the Moon's Latitude may be prevent- 
ed, as much as may be; and that the ſame Circle 
of Illumination may pals at the ſame time, as ex- 
actly as may be, through the Eye of the Specta- 
tor, and through the Center of the Earth. Let 
us then conſider the following Figure. 5 


In which E is put for the Center of the Sun, 
Z for the Center of the Earth, D is the 
Moon. C is the common Interſection of the 
Plane of the Circle of the Moon's Illumination 
with the Plans of the Ecliptic : The Line CE, in 
the Plane of the Ecliptic, is the Diſtance of the 
Center of the Moon from that of the Sun; and 
the Line ZE in the ſame Plane, is the Diſtance 


of the Earth from the Center of the Sun. N 
| the 
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the Reſolution of this Triangle Z CE, it is that 


the Diſtance of the Sun from the Earth is ſought. 


Now, becauſe the Plane of the Circle of the 
Moon's Illumination is here ſuppos'd to paſs 


through the Center of the Earth, the Angle ECZ 


muſt needs be a right Angle. And conſequently 
the Angle at the Center of the Sun ZEC is pre- 
ciſely ſo much as is the Difference betwixt che 
angular Diſtances of the true Places of the Sun 
and Moon in the Eclipric, and a right Angle; or 
equal to the Complement of that Diſtance : 
Which angular Diſtance may be found either by 
a particular Obſervation, or Aſtronomical Calcu- 
lations founded on former Obſervations; and this 
very Angle CEZ, which is the Complement unto 
a right Angle of the ſaid angular Diſtance CZE, 
is that Menſtrual Parallax which we are fearching 


after. It is to be noted therefore, that by how --. 


much the more remote the Sun is from the Earth, 
by ſo much it is the more diſtant from the Moon's 
Place in the Ecliptic, at what time the Plane of 
the Circle of the Moon's Illumination paſſeth 
through the Center of the Earth : Bur how great 
ſoever the Diſtance of the Sun from the Earth is 
aſſign'd to be, it will in this caſe be diſtant from 


the Moon leſs than 9o Degrees. For ſeeing ZGE 


at the Center of the Moon is a right Angle, it 


neceſſary follows that the Angle CZE, the an- 


gular Diſtance of the Center of the Sun and 
Moon in the Ecliptic, is leſs than a right one 
which Angle, when we ſhall find how much leſs 
It is than a right one, we have, according to 
what hath been ſaid, accompliſhed our Purpoſe, 
In the firſt place therefore, the Time of the 
Dichoromy ought in general to be fore-known z 
which thing is very eaſily obtain'd from Tables 
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at one View: For the whole Matter turns upon 


of the Lunar Motions ſufficiently known. Then 
a large Optic Tube, or Teleſcope, is to be ap- 
ply'd, which ſhould be as great as poſſible, that 
the whole Diſcus of the Moon may be taken in, 
and her Spots be repreſented to the Eye diſtinctly Il 


this, that the Moment of Biſection be exactly 
noted. For the attaining of which Purpoſe the 
better, we may chuſe two extreme Moments on 
this Side, and on that: The firſt, that in which 
it begins to be doubtful, whether or no the Moon 
doth yet appear ſomething horned ; the other, 
that in which you begin to doubt, whether ſhe 
doth already appear gibbous or not. Both theſe 
Moments are to be noted as exactly as it may be 
done. For thus will the Interval, which is be- 
twixt thoſe Moments, be known ; which ſcarce 
ever, as the Obſervers affirm, ariſeth to half an 
Hour. This Interval of Time being divided into 
two equal Parts, will give nearly the very Mo- 
ment of Biſection. Then, having obtain'd that 
Moment of Biſection, we ſearch out by actual 
Obſervation, or by Aſtronomical Tubes, the true 
Places of the Sun and Moon for that Moment; 


and then, after you have ſubſtracted the one from 


the other, the Angle OZE will become known. 


Seeing therefore the Center of the Sun, in the 


| 
Moment of Biſection, is both in the perpendicu- 
lar Line OE, and in the Line ZE, he muſt needs I , 
be in their common Section, or in the Point E, I 
and thus your Triangle ZCE is conſtituted : In | 
which there are given all the Angles, wich, che e 
Length of the Side CZ; and conlequently by b 
the reſt of the Sides, and that in particular which 

is the Diſtance of the Sun ZE. 2. E. I. 2 


: or 
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To give an Example of this Method. A. D. 
1651. April 27. Seven Hours 38 Minutes after 
Noon, Ricciolus obſerved with à long Teleſcope 
at Bononia, that the Moon was biſected. The 
Moon was at that time 65 Degrees high, being 
paſt the goth Degree of the Ecliptic a few. De- 
grees only. Having by the Aſtronomical Tables 
made his Calculation for that Moment of Time, 
he finds CZE the Angle of the Diſtance of the 
Moon from the Sun, to be 89 Degrees with 34 
and 50 Seconds nearly; and conſequently the 
Menſtrual Parallax CEZ to te only 25 
with about 10". But Vendeline, relying upon his 
own Obſervations, finds that the Sun is farther 
off: For he affirms, that the Angle CZE is of 
89 Degrees with 45'; and conſequently that the 
Parallactic Angle CE is of 15' only. And now 
becauſe the Diurnal Parallax of the Sun muſt be 
about one Sixtieth Part of the Menſtrual Paral- 
lax, it follows from theſe Obſervations of Ricci- 
olus, that the ſame is of 25” with about ro thirds ; 
but from thoſe of Vendeline, which indeed come 
the neareſt to the Truth, that the Diurnal Paral- 
lax is at moſt but x5” ; or rather, as himſelf de- 
termines, of no more than 14”. And this is the 
Second Way of finding the Sun's Parallax ; a Me- 
thod highly celebrated by the later Aſtronomers , 
and the Product of admirable Sagacity. But 
notwithſtanding. that great Subtilty of Wit and 
Reaſon, which is ſeen in both theſe Methods, yet 
many Defects there in them, which forbid us to 
expect an accurate Inveſtigation of this Parallax 
by the means of either of them. For, 

As to that of the Diagram of Hipparchus, there 
are a great many things neceſſary to be preſup- 
poſed, which are each of them ſo difficult to be 

os RP obſerv'd, 


70 Aſtronomical Lectures. 


obſerv'd, that we can never come to that Exact. 
neſs about them, which is ſufficient in the pre- 


ſent Search: As, r. The Sun's apparent Magni. 


tude. 2. The Horizontal Parallax of the Moon. 
2. The Semi- diameter of the Shadow in the 
Place of the Moon's Tranſit; none of which, a; 
appears by the comparing Aſtronomical Obſer- 
vations, and the Diſagreement which is amongſt 
them, have yet been minutely and exactly deter- 
min'd ; and if an Error about one of them may 
be equal to the Parallax ſought, as we find by 
Experience that it may; what à Product of M 
ſtakes about it muſt needs arife when we ett about 
every one of theſe chings, and theſe Errots come 
to be multiplied by one another? And as fot 
what was laſt mentioned, in particular, the Semi. 
diameter of the Shadbw, the Diffculty of deter- 
mining it will appear, if we conſider Bio: Hard it 
muſt needs be to determine the 2 Quantity Gf 
the Moon's Eclipſe, by reafon ef! chie Sp ade of 
the Moon, which is apt to decerve the Eyes, and 
the ſomewhar uncertain Limits of the Shadew, 
which is limited not by an exact Lie but by 3 
Penumbra. And ro 85 three foreſaid Matters, we 
1 add, 4. The refractive Power of the At- 
ſphere * the Earth, and the different Quantity 
of A the Refraction in ſeveral Altitudes; which (if 
the Knowledge of it do indeed affect the preſent 
Buſineſs) we can ſeatte hope ever to come unto 
that exact Knowledge of, which the Nature of 
the preſent Problem doth! require, -although by 
what 122 been lately diſcovet d, e may ſeem to 
hade made ſome Advance towards“ it. And ſo 
much as to the Diagram of Hippatcbur. Now, 
As to the other Method, there are. theſe two 


chings which are moſt difficuſe to be 1 
big : 70 


from them both, and from the latter eſpecially, 
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1. The preciſe Moment of the Biſection of the 


Moon. For although by the means of very good 


Teleſcopes this Time may be very nearly deſign'd, 
and ſo as would be fully ſufficient in any other 
Caſe, yet in ſo nice a Matter as this, where we 
ſeek a Parallax which conſiſts not of Degrees but 
of firſt Minures, the Body of the Moon is too 
remote from us, her Motion too ſlow, and her 
Surface too rough and uneven to permit us, even 
in the Uſe of the beſt Tubes, to determine with 
ſufficient Exactneſs the Moment of BiſeRion, 
and fo to diftinguitſh it as the preſent Caſe requires: 
not to mention in this place, that ſmall Exceſs 
whereby more than one Hemiſphere of the Modi 
muſt needs be always enlightned by the Sun, 
which is a far greater Body than that of the 
Moon. 2. The other thing moſt difficult to be 
obtain'd, is the preciſe Knowledge of the Places 
of the Sun and Moon; for we have too inacu- 
rate a Knowledge of the Theory of the Sun it 
ſelf, and much leſs acurate one of the Moon, 
to expect that even the beſt of Aſtronomical 
Tables ſhould give us their Places in the Ecliptic 
ſo very exactly, as this Matter requires. To con- 
clude therefore, ſeeing the Parallax of the Sun 
conſiſts only of Second Minutes, and that it can 
hardly be that Miftakes of) many Seconds ſhould 
be prevented, even in this Second Method, as 
well as in the other; it is manifeſt then, an accu- 
te Determination of the Solar Parallax is not 
be expected from either of them. b 
But this Advantage notwithſtanding we gain 


(and the thing is well worthy to be mark'd, ) 
namely, that che Parallax of the Sun is very ſmall, 
and ariſeth not unto firſt Minutes, but unto Se- 
F 4 conds 
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Si. 44 


rather one Quarter of one Minute. Not to 
mention that, Horrox aſſigns this latter Quantity 
to it, to wit, that of à Quarter of a firſt Minute, 


or even leſs, in a Conjecture not altogether 


improbable, which is taken from a certain Har- 
monical Magnitude of the Planets. 


May 5. 1701. 
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E come now. to the Third Way of finding 

the Sun's Parallax, which is indeed n 

ſo direct as the Two former, but much more 
'Euiſitez and that is, by the Inveſtigation of the 
Parallax of Mars, For ſeeing we may gather 
from the Copernican Syſtem, which hath already 
been eſtabliſh'd, the true Proportioys of the Diſtan- 
ces of the ſeveral Planets from the Sun, if ue 
ä C009 FO Fog. 1 1 149 t 1 can 
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can but obtain the Parallax of any of the Planets, 
the Moon excepted, we have in effect acquir'd 
the Parallax of the Sun it ſelf. Now there are 
Three Planets, which do at cettain times 
approach nearer to the Earth than the Sun, 
and which conſequently have at thoſe times a 


greater and more diſcoverable Parallax; to wit, 


Mars, Venus, Mercury; Mars when achronycal, or. 
in Oppoſition to the Sun, Venus and Mercury when 
in. one of their Conjunctions, as the Inſpection 
of a Scheme of the Copernican Syſtem ſhews at 
firſt Sight. Of the Three mentioned Stars, Mars 
is the moſt proper for the Purpoſe; for Mercury is 
ſeldom ſeen , and his Motion not yer ſufficiently 
determin'd, that we ſhould conclude any thing 
of Certainty concerning his Parallax ; Y-nus but 
very rarely paſſeth betwixt the Sun and the Earth, 
which yet is the only proper time for ſearchingthe 
Parallax of the Star; and ſo we can very ſeldom 
have any Opportunity of attaining any exact 
Knowledge of it: But Mars, which in the time 
of his Oppoſition to the Sun is commonly above 
as near again to the Earth as the Sun, does fre- 
quently offer himſelf to us in that Situation, 
which is very accommodate to our Purpoſe. 
This is the Planet therefore which the Aſtrono- 
mers of this Age have .pitch d upon as the moſt 
proper for the preſent Search, and by means of 
which they have obtain'd their Deſire. The In- 
vention of this Third Method is, as it was ſaid be- 
fore, owing. to the moſt Excellent Aſtronomer 


Caſſini: But our Countryman Townly comes in 


for a Part of the Glory, becauſe of the Micro- 
meter which he found out, which is of ſo great 
and almoſt neceſſary Uſe in this Work. As for 
which Inſtrument, (whoſe particular Deſcription 
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is to be had rather from an Inſpe&ion of the In- 
ſtrument, or of the Schemes relating to it, than 
can be proper for this place; ) let it ſuffice to 
have noted in the general, that it is a certain 
ſmall Net within the Teleſcope, which is fitted 
for the deſigning and diſcovering the moſt minute 
Angles of Objects. For there are diſpos'd in the 
Concourſe of the Focus's of the Objective and 
Ocular Glaſſes, Four or more Threads croſſing one 
another at right Angles; and which are to be 
mov'd nearer to, or further from one another, by 
the means of certain Screws, as Occafion ſhall MI 
require. From whence it appears, that the Image 
of the Object which falls at length upon the Eye 
of the Obſerver, will there be divided and diſtin- 
guiſh'd by theſe Threads ; ſo that he may note 
the ſeveral Points thereof, and moft accurately 
define the apparent Diſtances of very near Stars, 
and apparent Diameters of the Planets. Theſe 
things premis d, we proceed to our Purpoſe; 
which is to find the Diarnal Parallax of Mars, 
and by means of that the Diurnal Parallax of the 
Sun. For which purpoſe we are to obſerve, that 
the Parallax here ſought for is nothing elſe but 
the Difference of the apparent Place of a Star, 
as ſeen at the Center of the Earth, and as ſeen 

on the Surface; meaning here always that Part 
of the Surface which hath the Star at that Line 
in the Horizon; ſo that one of the Obſervers is 
ſuppos d to be placed at one Extremity of à Semi- 
diameter of the Earth, which is perpendicular to 
the Line which $;,coneavid eo connect the Center 
of thé Earth wich the Center of the Star; and 
the other Obſervet̃ at the other End of chat per- 
pendicular Semidiameter. Which gomes to the 
Tame thing, as if, for the finding of the * 
| 0 


— 


7 Ni.. | 
Aſtronomicul TZedtures. 75 
of a Star, or the Moon, the Place theresfiftould 
be preciſely at the ſame time obſery'd by on- 
Aſtronomer to whom it is then Vertical, and by 
another to whom it is then Horizontal; for, to 
the Obſerver to whom it is Vertical, it appears to 
be in the very ſame Place in which it ſhould 
have appear'd, if he at that Point of Time had 
ſeen it from the Center of the Earth. Thus it 
is with reference to the Moon, and the Stars in 
general. Now this is the Wonder which Caſſinis 
Method carries in it, that when the ald Aſtrono- 
mers could ſcarce ſearch out the Quantity of the 
Parallatic Angle without two Obſervers, who 
preciſely at the ſame time beheld the ſame Star 
from divers and very remote Places; he with 2 
wonderful Sagacity obferv'd., that the Fixed 
Stars might do the Buſineſs of one of the Obſer- 
vers; and conſequently that one ſingle Obſerver, 
furniſh'd with the Inſtrument before-mentian'd, 
might find the ſame Parallax. Which moſt Ex- 
cellent Invention I ſhall endeavour to unfold; in 
an Abridgment of the Words of the Famous 
Blauchin *. | . 

Let the Circle ACBF be the Equator of the 
Farth : Let HMK be the Diurnal Courſe of Mars, 
when it is in the Equator : LRV the Equinoctial 
Circle, deſcrib'd in the Sphere of the Fixed Stars; 
by the Equatoreal Plane infinitely produc'd. Let 
Mars be in the Plane of the Equator in H: The 
Line DH therefore being turn'd round, deſcribes 
the Circle of its Diurnal Rotation HMK, which, 
if it were altogether deſtitute of a proper Motion, 
it would juſt finiſh in che Space of 24 Hours, If 
gar Des Pw ty E 
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each of which Planes are underſtood to be drawn, 
which are perpendicular to the Equator, and cut 
one another in the Center D, we ſhall have alſo 
the Horary . Circles, which are ſo many Meridi- 
ans to many divers Places of the Earth. Let the 
Plane LHAD be one of theſe, to wit, the Meri- 
dian Circle of the Place A in the Earth, which 
lies directly under the Equator; where let ſome 
one be ſuppos'd to behold Mars, and the Fixed 
Star L, placed in the ſame right Line. If nei- 
ther of theſe Stars had any proper Motion, they 
would both return to their former Place together, 
in the Space of 24 Hours ; and in the Space of 6 
Hours, they would both be in the Plane FDM, 
which paſſing through the Center D is perpendi- 
cular to the Meridian, and hath in it the Circle 
of the Sixth Aſtronomical Hour. If one could 
therefore behold Mars and the Fixed Star from 
the Center of the Earth, he would always ſee 
them in the ſame Line$ or in Conjunction, whe- 
ther they were in the Plane DHL, or in that 
DMR : But by one that beholds them from the 
Surface of the Earth, they are ſeen otherwiſe. 
For he who by the Suppoſition ſees them in the 
ſame right Line AHL, or fees them in Conjuncti- 
on in his own Meridian, will, when they are in 
another Meridian, as DR, which is the Circle of 
the Sixth Aſtronomical Hour, in reſpect of the 
Place A, ſee Mars in the Plane AM, while the 
Fixed Star is in the Plane AR : So that Mars will 
ſeem to have gone back, in Antecedentia, or the 
Star to have gone forward, in Con/cquentia ; (altho 
he knows that they are both in the Plane of the 
Aſtronomic or true Sixth Hour at this Time; ) as 
likewiſe a little before the End of the Six Hours, 


he will find that Mars hath already paſs'd the 
Be Plane 
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Plane of the ſenſihle Sixth Hour; foraſmuch as 
the ſenſible Sixth Hour in reſpect of the Place A 
is not the Plane FDR, but the Plane APN. Now 
the Difference of Time which is betwixt the two 
Planes, that, to wit, of the Sixth Hour ſenſible, 
and that of the Sixth Hour rational, is known by 
PM, that Portion of the Equator, which is de- 
ſcrab'd by Mars in the mean while, the Angle of 
which Portion PAM, as being alternate to that 
AMD, is equal to that under which the Semi- 
diameter of the Earth is ſeen from Mars; and is 
that very Parallax of Mars which we are ſeeking 
for. Furthermore, by how much the more re- 
mote Mars is from the Earth, by ſo much the leſs 
will the Angle be under which the Earth is ſeen 
from that Planet ; and conſequently ſo much the 
leſs will be the Difference of the Trankt of Mars 
through the two Planes aforeſaid. So that if you 
ſuppoſe the Diſtance of Mars to be ſo immenſly 
great as that of the FixedHtars , in this Cale the 
two Planes, that of the ſixth Hour ſenſible APN, 
and that of the ſixth Hour rational FDR, would, 
by reaſon, of the Smallneſs of the Angle ARD, 
as to the Senſe, coincide, and the Star would at 
the ſame time that it is in the Plane DR, appear 
to be in the Plane AN. Thus it appears, how 2 
Fixed Star may ſupply the Place of another Ob- 
ſerver: For he that is in C, and he that is in A, 
do both ſee the Fixed Star as in the ſame Plane: 
We have no need therefore of an Obſerver in C. 
All the Buſineſs is, that che Obſerver in A, who 
obſerv'd Mars in Conjunction with the Fixed Star 
L in his own Meridian, ſhould number the Hours 
from thence; and deſigning as exactly as he can 
by ſome Plane paſſing thro his Eye, and parallel 
to the Axis of the Earth, or in the len 
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plane of the ſixth Hour ſenſible, diligently mark 
the Point of Time in which Mars comes to that 
plane, and the Interval of the Tranſit of Mars, 
and of the Tranſit of the Fixed Star is diſcovered : 
Which Interval of Time reduc'd into an Arch of 
the Equator, by allowing Four Horary Seconds 
to each Minute of the Circle, gives the Parallactie 
Angle ſought. Let us now come to fle w a more 
exact Way of obſerving the ſaid Difference. 


Vour Teleſcope being furniſh'd with that Micro- 


meter which was in ſome ſort deſcribed above, 
move it about until ſome Fixed Star, next to Mars, 
ſeems to run down one of the Threads, which, 
when it does, you know that that Thread and its 
Parallel one are in the Plane of the Equator, the 


| Obſerver being by the Suppoſition under the 


Equinoctial. In which Equatoreal Situation of 
the two Threads, let the other, which cuts them 
at fight Angles, repreſent the Circles of the right 
Aſcenſions, which cut che Equator in the like 
_ 0 8 Threads AB CD do thoſe AC 
a is being premis'd, , , 
let the 2 pre- A — 2 
ciſely the Time in which 
Mays and the Fixed Star, 
in the Courſe of their Di- 
urnal Motion, are both of 
them found in the Meridi- 
dian Circle. Six Aſtro- 
nomical Hours after, the 
Fixed Star will reach the * 
Plane of the Circle of the © | * 
ſixth Hour; and the Obſerver in C would have 
both the Fixed Star and Mars in his Meridian; 
hut to him that is in A, Mars paſs'd that Circle 
ſome little Space of Time before. About this 
| ſixth 
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fixth Hour therefore, let the Teleſcope be applied; 
and ſo placed that it may lie juſt in the Plane of 
the ſixth Hour, the former Situation of the 
Threads being exactly kept. When therefore 
Mart arrives at the tranverſe Thread AC, let that 
Moment of Time be noted with the greateſt Care; 


and with no leſs Care, note that little Space of 


Time which paſſeth hetwixt the apparent coming 
of Mars and the Fixed Star unto the ſame Thread. 

Which will be beſt done by the means of à Pen- 
dulum Clock, or the Vibrations of ſome other 
Pendulum. That intermediate little Space of 
Time is the Horary Parallax of Mars, and the 
Angle anſwering to it the Parallax it ſelf; which 
is eaſily had by the Converſſon of the Time into 
Minutes of the Equator, as was ſaid before. - And 
this is the Method of finding the Parallax of 
Mars. It is to be acknowledged, that we have 
ſuppoſed many things here for Clearneſs ſake, 
which will appear true tohim that contemplates, 
but moſt difficult to be put in Practice: We have 
ſuppos'd the Fixed Star and Mars to be in direct 
Conjunction in the Meridian; that they are both 
placed in the Equinoctial Circle; that the Obſer- 


ration is made in the ſixth Aſtronomical Hour, 


or in the Circle of that Hour, which indeed is 
generally too near to the Horizon for Obſervati- 
ons to be commodiouſly made about the Stars; 
and Jaſtly, that Mars is wholly deſtitute of 2 
proper Motion; ſcarce one of which Conditions 
is attainable. But this notwithſtanding, there is 
not that Impracticableneſs in this Method, which 
there may at firſt ſeem to be; and there are none 
of the Difficulties mention'd, but may be ſur- 
mounted by the Help of plain Trigonometry. 
For, (1.) Let the Obſerver be without the ** 
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of the Equator, and in ſome of the Parallels 
thereof. In this Caſe indeed, the Parallax of the 
right Aſcenſion, or the Difference betwixt the 
sch Hour ſenſible, and the 6th Hour rational, 
will be different from that under the Equaror, 
and leſs than it; but ſo that it is eaſily reduced to 
it. For the Difference in the ſuppoſed Parallel, 
and that under the Equator, is, according to the 
former Figure, as ID is to AD, or as the Sine of 
che Elevation of the Equator in that Parallel, is 
to the whole Sine. The Parallax of Mars there- 
fore in the Equinoctial being given for any Lati- 
tude whatever, his Parallax under the Equator is 
alſo given. (2.) Seeing the Circle of the 6th 
Hour is more incommodious for Obſervation, let 
the Circle of the 3d Hour be pitch'd upon, the 


Meridian Obſervation of the Star being as before. 


In this Caſe likewiſe, a twofold 3d Hour is to be 
ſuppos d, one rational, or paſſing through the 
Center of the Earth; the other ſenſible, parallel 
to the former, and paſſing through the Place 
which we are in: The former whereof in the 
foregoing Figure will be DO, the other IT. As 
therefore the Sine of the 3d Hour, or half the 
Angle, is to the whole Sine, that is, as the Line 
IS is to the Line ID, (or AD, if the Obſervati- 
on be made under the Equator ; ) ſo is the Paral- 
lax of Mars in the Circle of the 3d Hour, to 
the Parallax of the ſame Star obſerv'd in the 6th 
Hour. (z.) Let Mars alſo be placed without the 
Plane of the Equator. Foraſmuch as the Diur- 
nal Circumvolution of Mars is here to be conſi- 
dered, as being not in the Plane cf a great Circle, 
bat of a leſſer one; inſtead of the Semi- diameter 
of the Earch, the Semi-diameter of that Parallel 


is to be taken for the Meaſure of char Parallax; 


G and 
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and conſequently the Parallax found here is to be 
increasd, in Proportion of the Semi-diameter of 
the Equator to the Semi-diameter of the Paral- 
lel; or as the Sine of the Complement of the 
Declination of Mars, is to the whole Sine; ſo is 
the Parallax here found, to that which would be 
found under the Equinoctial. (4. ) Let us ſuppoſe 
Mars to be moved with a proper Motion. Yet 
notwithſtanding , foraſmuch as the. proper Moti- 
on is either altogether even, or is in an uniform 
and certain Manner accelerated or retarded , 
( which thing is to- be determin'd by Meridian 
Obſervations made before and after) his true Place 
may be found for each Moment of Time; that I 
mean in which he would appear to one that is 
placed at the Center of the Earth. Which Place in- 
deed,if we compare it with the Place that appears, 
to us that are placed on the Surface of the Earth 
in his Diurnal Parallax, it will be altogether the 
ſame thing in the preſent Caſe, whether we ſup⸗ 
ſe him to be mov'd with a proper Motion or 
not. And thus much may ſuffice for remedying 
the fore-mention'd Difficulties. Theſe things 
therefore having been ſpoken for the deſcrib- 
ing and ckaring the Method of finding the Pa- 
rallax of Mars, it remains, that we declare in 2 
few Words theſe three things. 1. The Quantity 
of the Parallax of Mars. 2. The Quantity of 
the Parallax of the Sun. 3. The Diſtance and 
Magnitude of the Sun. 

1. The Quantity of the Parallax of Mars; 
which both Caſſini himfelf and Flamſteed have, in 
the Way which hath been ſhew'd, found upon 
diligent Search to be about 25 Second Minutes: 
Which Quantity of it we are the more aſcertain'd 
of, becauſe Caſſini, who ſearch'd for —— 
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of Venus in the ſame way, and compar'd it with that 
of Mars, found it to agree very well therewith. 
2. The Parallax of the Sun. As to which, 
ſeeing the Parallax of Mars is ſought in the time 
of his Oppoſition, in which this Planet is above 
as near again to us as the Sun, his Parallax muft 
ac char time be more, than double to the Parallax 
of the Sun; and conſequently the Parallax of the 
Sun is ſhew'd from hence to have been [at that 
time] of 12 or rather 10 Seconds. From whence 
it appears, that the Parallax of the Sun, found 
by this za Method, doth not much differ from 
that which Vendeline found by the Biſection of the 
Moon. And thus we come to determine, 
z. The Diſtancg and Magnicude of the Sun. 
The former of which Particulars is thus found. 
As the right Sine of ro Seconds, is to the whole 
Sine; ſo is the Semi-diameter of the Earth in 
Engliſh Statute Miles, to the Diftatice of the Sun 
from the Earth in the fame Miles: From whence 
| it appears, that the Sun is 81,000,000 of - Engliſh 


Miles diſtant from the Earth. And then from 
the Diſtance already found, we trace and find his 
true Diameter in this wiſe: As is the whole Sine; 
to the Sine of the Angle of the apparent Diame- 
f ter of the Sun, ( which is of about 32 Minutes; ) 
J ſo is its true Diſtance, which is about 8 r, ooo, ooo 
| Engliſh Miles, to its true Diameter: So that the 
true Diameter of the Sun is to be determin'd to 
be of Soo, ooo Miles, or thereabouts. And his 
; true Diameter being known, we eaſily gather his 
' true Surface and Solidicy : His Mathematical So- 
: Vdity, I mean; for as for his Phyſical Solidity, _ 
1 or that which reſpects his Denſity, or the Quan- 
c tity of Matter contain'd within his Surface, that 
bs in no wife contain'd in the Premiſes, nor be- 
longs to this Place. G 2 And 
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And let theſe things ſuffice to have been ſpoken 
of this Aſtronomical Argument, which is in a 
manner the principal of all, the Parallax of the 
Sun; from which I ſhall deduce theſe Corollaries. 
. , Corollary (1.) I is more eaſy to define the An- 
nual Parallax f the Fixed Stars, than the Diurnal 
Parallax of the Sun, For ſeeing, according 
to what has been already declared, the Annua 
Parallax of the Fixed Stars is at leaſt quadruple 
to the Diurnal Parallax of the Sun, or almoſt 
double to the Parallax of Mars, by the means of 
which we find that of the Sun ; it muſt needs lie 
more open to Aſtronomical Obſervations than the 
Parallax of Mars doth, and admit of a Determi- 
nation which is twice as exact. In time paſt, 
the Matter was thought to be quite otherwiſe; 
for while the Sun was allowed to have à Parallax, 
the Fixed were abſolute ly concluded to be deſti- 
tute of it: Which thing caſt the Copernicans upon 
that Inconvenience (to ſay no worſe ) to aſſert, 
that.the Diameter of the Orbis Magnus is but as a 
Point, in Compariſon of the Diftance of the 
neareſt Fixed Stars. But Day unto Day adds Know- 
ledge ; and ( as the Holy Scripture elſewhere faith) 
many bave run toand fro, and Knowledge has been increaſed. 
Coroll. (2.) In Computations and Aſtronomical 
Tables, the Parallax of the Sun may, for the moſt part, 
be neglected without any Prejudice. For, ſeeing the 
whole Parallax ſcarce exceeds one fixth Part of a 
Minute, any Part of it, by reaſon of its Smallneſs, 
can ſcarce deſerve to be conſidered: Nay indeed, 
*tis very ſeldom Aſtronomical Computations or 
Tables have been made with that Exactneſs, as to 
deſcend to a ſixth Part of a Minute at all. | 
Coroll. (3.) The Diſtance of the Earth from the 
Sun being given, there is given at the ſame time the 
Diſt ance 


- 


Diſtance of the reſt of the Planets, both from the Sun 
and the Earth. T1 is grounded upon that Pro- 
portion of the Diſtances of all the Planets amongſt 


chemſeives, which is gathered from the Copernican 
Hypotheſis. The Proportion of the Diſtances 
therefore being given, and the abſolute Diſtance 


of the Sun from the Earth being alſo given, we 


need but work by the Golden Rule, and we ſhall 
have the abſolute Diſtances of the reſt ; which 
are to be ſeen in the following Table. 


A Table of the Diſtances. of the Planets from 
the Sun; together with their Diameters, and 
Periodical Times, s nas wt] 


iles, 


Mercury . £ | 32,000,000 
Venus EZ { 59,000,000 
755 Earth (AS 81,000,000 
ars S / 123,000,000 
Jupiter SY 424,000,000 
Saturn 2G 7 777,000,000 
r 
The Earth | 5 | res 
Mars 1 4444 
Tapir f sri 
Saturn 12 — | 67870 | 
Tbe Sun = 763460 
The Moon ] S A] 2175 
tal EWIE-730 D. H 
2 1 S 5 ) 87--23 
enus © 5% | 224-1 
The — EA — 2 
M > Gy | 3 F 
| i | | Z=| 686--23 
: upiter 8 8 4.332--12 
arr J).2a- 1075%- 7 
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E ſhall have gone th ron gh what relates to 
the Solar Aſtronomy, when we have an- 
ſwered the following Problems. ts - 


e x10 ee 
To find the Moment of the Solſtice. 


JET the Sun's Meridian Altitude be taken on 

ſuch Days as precede and follow the Solſtiti- 
al Day at an equal Diſtance, with the greateſt 
Care, and with as large Inſtruments as can be 
provided. I ſay, with very great Inſtruments, 
becauſe Afrolabes; or Quadrants, are Inſtruments 
too ſmall to ſuffice to the preſent Buſineſs. Now, 
the Altitude being thus taken, if the Meridian 
Altitude on the 3d Day after, or the 4th, be the 
ſame that it was bn the zd or 4th Day before, and 
ſo of other Days, you may be fure that the Sol- 
ſtice fell at the very Noon df the Solftitial Day. 
But if the Meridian Altitude of the 3zd Day after, 
ſhall be greater than that of the zd Day forego- 
ing, from hence:y6u know that the Moment of 
the Solſtice fell nearer to the 3d Day following, 
than to the 3& Day foregoing , and conſequently 
fell after the Naan of the Solftitial Day: And 
ſo on the contrary. And this always in ſuch Pro- 
portion, that from the Quantities of the Diffe- 
rences, with the Help of Aſtronomical Tables, 
wherein the Deolinations of the Points of theEclip- 
tic from the Equator are computed, you may de- 
termine how much is tp be added to the Meridian 
be/ 71. „ „ % „ Altitude 
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Altitude of the foregoing and following Days 
reſpectively, that the greateſt Altitude of all may 
be had in the Solſtice it ſelf; and may eaſily ga- 
ther at what Point of Time preciſely the Solſtice 
happened. Af if we be minded to make uſe of 
the Method, Which the moſt Famous Gaſſendus 
| ptactiſed at Mivſeilles, we ſhall obtain the Mo- 
ment of the Solſtices accurately enough, by the 
Sun's Meridian Altitude it felf about the Sol- 
ſtice. For ht opened an Hole in an high Wall; 
and through that let in the Rays of the Sun in the 
very Noon of the Solſtitial Day; and from the 
Length of the Shadow of the Wall, as of à cer- 
tain Gnomon Fifty Foot high, he could very ex- 
actly determine the Meridian Altitude of the Sun: 
Now the Differences of Meridian Altitudes being 
iven, the very Moment of the Solftice is alſo 
given, Which'wa3 to be foünd. In which Caſe 
our moſt Famous Countryman Dr. Halley has dil- 
covered not Fong ago, a far more accurate and 
almoſt Geometrical 'Method *, which is well 
worthy to be explained here. He therefore aſ- 
ſerts ( which indeed he ſaw would be counted a 
Paradox) that it is eaſier to mark the Points of the 
Solſtices, than thoſe of the Equinoxes; altho' 
the Quantity of the Difference of Declination 
about the Solſtices be very ſmall, if compared 
with that which is about the Equinoxes. But be- 
fore we come unto his Method it ſelf of ſolving 
this Problem, it will be requiſite to premiſe cer- 
tain Lemmata , for the better comprehending the 
Propoſition it ſelf, We are to obſerve then, 
(1.) That the Sun's apparent, or the Earth's true 
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Motion in the Ecliptic, i is well nigh even, or equa- 
ble, about both the Tropics: For if the Apheli- 
on, and its oppoſite Perihelion, were in the very 
Solſtices themſelves, as they were One Thou- 
ſand Years ago, there would be no Inequality at 
all in thoſe Places. And foraſmuch as thoſe 
Points are at this Day only a few: Degrees paſt 


the Places of the Solſtices, it is manifeſt , that 


the Motion of the Sun here is ſtill. (as to Senſe ) 
on both Sides equal; and conſequently, that the 
Suppoſition of the real Equability, or Evenneſs of 
that Motion, can infer no ſenſible Error in our 
Calculations. 

(2.) That the Differences a the Declination 
of the Points in the Ecliptic, which are on 
this Side, and on that, near to the Solſtices them- 
ſelves, are in that Proportion betwixt themſelves, 
which the verſed :Sines bear to the Arches. of 
Longicude belonging to them; Reckoning thoſe 
Arches from the Solfticial Points - themſelves. 
Which Thing is manifeſt enough, from the Con- 
ſideration of the Ecliptic and its Tangent; 
Which here is the ſame with the Tangent of the 
Tropic it ſelf; and therefore doth not require a 
more operoſe Pemonſtration. = 

( 3.) That the verſed Sines in thoſe ſmall Ar- 
ches, are almoſt in a Duplicate Proportion of 
the Arches themſelves. For it is well known, 
that the verſed Sines in genera] are always in the 
Duplicate Proportion of the Subtenſes or Chords 
belonging to their reſpective Arches, While in 
very ſmall Arches, there is very little Difference 
berwixt the Arch it ſelf and its Subtenſe ; as it 
is obvious to obſerve in all the Tables of Natural 
Sines, Chords, and Tangents. Which being 


fy 5d, it is to be * 
FA (4.) That 
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{ 4.) That the Sun's apparent Motion about 
the Time of the Solſtices, or the Time which 
anſwers to that Motion, and by which it is mea- 
ſured, is in the Subduplicate Proportion of its 
Diſtance from the Tropic Circles; or, which is 
the ſame Thing, that the Sun's Declination in 
Two ſeveral Times given, falls ſhort of his great- 
eſt Declination by Differences which are berwixt 
8 themſelves, in the Duplicate Proportion of the 
Times. From whence it is gather'd, 

(5.) That the Shadow of the Sun in the Me- 
ridian Circle, or any other Vertical whatſoever ; 
which is obſerved either a little before, or a lit- 
tle after the Solſtices, doth either fall ſhorr of, 
| or exceed its former Length, by Spaces which 
| are betwixt themſelves, as the Squares of the 
Times intespos'd betwixt the ſeveral Obſervati- 
ons. Which being premis'd; 


Let there be a Parabola, in which the Limits 
of the Shadow are deſfign'd by the Axis thereof 
ac, and the Times betwixt the Obſervations and 
the Solftice ir ſelf, by the Ordinates ad, be, f. 
Seeing therefore, according to the Nature of 2 
Parabola, the Abſciſſæ are in a Duplicate Propor- 
tion of the Ordinates ; ſeeing alſo in the Sun the 
Differences of the Length of the Shadow about 
the Tropigs, are in Duplicate Proportion of 
the Times. : It is manifeſt, that thoſe Differen- 
ces are rightly repreſented by the Abſciſſæ, and 
the Times by the Ordinates. By which means, 
our Aſtronomical Problem concerning Finding 
the Solſtice, is reduced to a Geometrical one; 
which is this, Three Points in a Parabola, d, e, 7, 
being given, and the. Axis being given by Po- 
ſtion, to find the Diſtances of the Points 3 
1 „ ” 7s * 0 7 ET . t © 
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＋5 . 9 
the Axis. Which Thing indeed will be obtain d 
according to the following Rules, from Three 
Obſervations diſtant from one another by equal 
Spaces of Time. As the greateſt Diſtance of 
the Shadow when doubled, the Difference of the 
intermediate Diſtance from the greateſt bein 
firſt ſubſtraced ; is to the greateſt Diſtance. 0 
the Shadow. doubled, when only Half of the 
foreſaid Difference is abſtracted : 30 is Half the 
whole Time, - unto that Space of Time which is 
betwixt the remoteſt Obſervation and the Sol- {Wd 
ſtice. That is, aac·gL— be: 24c---3bc :: fg : ff. 0 
©. E. 1. L This Rule is demonſtrated in the Fa- Wc 
mous Dr. Gregory's a * III. Prop 
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CR TY R ra Qt e eile 
To determine the Places of the Apſides. 
Eeing che Motion of the Earth about ehe Sun, 


8 in an Elliptib Orbit is the Sloweſt in the A- 
phelion, and in the Perihelion the Swifteſt; the 


loweſt, and where it is noted to be the ſwifreſt; 
will be the Places of the Apfides. But this Pro- 
blem may alſo be ſolv'd by the Sun's apparent 
Diameter, which is in the Aphelion the leaſt, and 
the greateſt in the Perihelion. But becauſe of 
the Difficulty of defining exactly enough the ap- 
parent Diameter, it will be better to take the 


her Methc li. 
; | 1 10 ack: R. O B. III. In; 2851 : 
uuns the Earth's Eccontririye. 
a PHE. Ancient Aftroriomers,” who: helior'd 
of the Circular Hypotheſis, 'derermin'd this 


he Eccentricity.to be twice 28 great as it is indeed: 


ng For the Eecentricity with them was equal to the 
of Wl Diſtance which is betwixt the two Focus of the 
the I Fllipſis: Whereas indeed, when the Induſtry of 
the the later Times had demonſtrated the Orbit to be 
is not Circular but Elliptical, they at the ſame time 
ol- ¶ determin'd, that the Eccentticity was to be reck- 
fc. Non d not from Focus to Focus, but from the Fo- 
Fa- eus to the Center. Now the Quantity of the 
rop- Fame is not difficult to be found. For, to paſs by 


_ Wotker Ways of Finding it, which may be more 
0B. ER ope-· 


Places where the Motion is .obſerv'd to be the 
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operoſe; do but determine the apparent Veloci. 

ty of the Sun in his Aphelion, and in his Peri. 
helion , and you have thence the Eccentricity, Þ# 
For, ſince the Earth's true Velocity in the two 
Apſides, is in the reciprocal Proportion of the 


Diſtances ; and the apparent, or angular Veloci. 
tY in ;the duplicate reciprocal Proportion of 
ole Diſtances ; from the Difference. of the 


ſtances, or the double Eccentricity, eaſily be- 


comes known, Which Eccentricity is near upon 
one Sixtieth Part of the whole mean Diſtance; iſ 


or more exactly mas 2. E. J. 
os R OB. IV. wy 
To define the Obliquity of the Ecliptic. 


1 the Angle of Inclination of the Eclip- 
tic and Equator, is now, and ever was in- 
variable, is what the Moderns are with very good 
Reaſon agreed in, as hath been ſaid before. The 
Quantity of this Angle is found thus. Let the 
Meridian Altitude of the Sun be obſerv'd at both 
the Solftices ; and let je be corrected, and thereby 
clear'd from Refractions and Parallaxes, as mucii 
as may be. Then let the Meridian Altitude ef 
the Winter Solftice be ſubſtracted out of that ol 
the Summer Solſtice. Which done, Half the 
Difference will give the Angle of Inclination; 
which is 23* 305 or according to Mr. Flamſtth 
e 4:50 Front 20: 57 
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apparent Velocities, the Difference of thoſe Di. 
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i. PROB * 
M 7 determine the Motion of the Aphelion. 


E ſhall not here trouble our ſelves to go 
Y Y about to find out the Quantity of a Mo- 
tion, Which indeed is none at all; as Mr. 
Street, the famous Author of the Caroline Tables 
hath . demonſtrated , as was ſaid above. Seeing 
therefore the apparent Motion of the Apſides in 
Conſequentia, is reſolv'd into the true Motion of 
che Equinoxes in Antecedentia , the Problem is 
ſolv'd by Determining the Regreſs of the Equi- 
noxes, which is yearly about 50“, as was ſaid 
above. For we here do not touch upon fome 
4 ſmall Inequalities, which are inconſidera- 
ble. 


i PRO R VI. | 

6 Io find the Motion of the Nodes of the Earth's 
eh "IL TE 

by H E Places of the Aphelion, as they were 
fol of old, and as they are tranſmitted down 


NW tous in the Writings of the Ancients, are to be 
ol WW compar'd with the Place of it at this Day. By 
he WF which Compariſon, we ſhall find, that the Aphe- 
n; lion is in this Age about the Eighth Degree of 
, Capricorn; and that the apparent Motion of it in 
onſequent ia, or the true Motion of the Equinoxes 

in Antecedentia, is yearly about 50“, as hath been 
5 already noted. | ; 
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P R Oo B. VII. 
20186. . 5 | FS] ? 
To define the Quantity of a Solar Teat. 


"His is done, by Comparing the Times off 
the Equinoxes as they were anciently, or i 

in the Age of Hipparchas, with their Places at this 
Day in the Julian Year. By which Compariſon, 
it will appear, according to the General Conſent 
of Aſtronomers, that the mean Tropical Year 
conſiſts of 365 whole Days, and Five Hours, 
together with almoſt Forty Nine Minutes 


2 E. I. 

P A Oo B. VIII. 
To determine the Quantity 77 the Sydereal 
A Teat. R 


3 is to be added to the Tropical Vear the 

Annual Anticipation of the Equinoxes, 

turn'd into Time; by which Addition, the Si- 
dereal Year will be 365 Days, 6 Hours, 9 Mi- 
nutes. | ; ; RE 


| 
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A Pen 1K GET 


To find the Quantity of the Anomaliſtical Year ;, 
that is, of the Entire Revolution of the 
Earth through its Ellipſis. rr FM 
XT Hilſt ſome real Motion was attributed to 
che Aphelion, the Anomaliſtic Year was 
determin'd to be different from, and greater than 
the Sidereal, and to exceed it by that Space of 
Time, which anſwers to the ſuppoſed Motion of 
the Aphelion. But that Motion being now ba- 
I niſh'd our of the Heavens, that Difference alſo 
paſſeth away with it, and the Anomaliftic ne- 
ceſſarily coincides with the Sidereal Lear. For 
as to any ſmall Changes in the yearly Revoluti- 
ons whatever, whether Tropical or Sidereal, 
which may proceed from the mutual Actings of 
! Planets and Comets one upon another, in their 
Revolutions; which are indeed fo ſmall, that 
they hardly deſerve to be taken notice of » We 


concern not our felves with them in this 
Place. T i 


es, Concerning the MOON, 


li ND thus we have at length diſpatched the 
1 Salar Aſtronomy, fo far as the Nature of 
our Purpoſe requir d? We come now to the 
M O ON. The Moon, 1 fay, which is a Se- 
condary Planet, that hach in it ſuch a Compli- 
cation of Motion, ſuch Intricacies znd-perplex'd 
anomalies, that unto this very Day“, wo are 
ö eee carce 
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ſcarce able to bring it under Numbers, altho it 
be ſo near to us, and hath all along been ſo har. 
rafs'd (as it were) with Aſtronomical Reſearches, 
This is a Knot well worthy of, and which re. 
nired the acuteſt Wit to untye. Nor wanted it 
uch an one at length, when the famous Sir Iſaac 
Newton ſet himſelf to it; who hath this to glory 
in, That in the Compaſs of a few Pages, he hath 
brought -more Light into. this dark and, intricate 
Buſineſs, than all the Volumes of the Paſt Ages 
had done. From his Philoſophy alone, as Pr. 
Halley ſings, ee e 
Me learn tbe Reaſon why the Silver Moon _ 
Mub ſuch uneven Paces moves; why She diſdains; 
bat Numeral Meaſure Men have e re aſſay d, 
To mete her crook'd but certain Paths withal, 


However, we muſt content our ſelves at pre- 
ſent with a Lunar Hypotheſis, inſtead of that 
Noble Theory, ( becauſe no Tables have been 
"hitherto fitted to it) and confine our ſelves for 
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the Equator than the Ecliptic doth, and ſome- 
times ſeveral Degrees leſs ; as is to be gatherd 


from the repeated Obſervations of her Meridian 
Altitudes. | | 


(.) The Moon ſeemis daily to put on a new 


Face. Sometimes it is inviſible ; and when it 
becomes viſible, it appears firſt horn'd, then bi- 
ſected, then gibbous, then round, and then puts 
on the ſame Shapes again; but in an inverſe Or- 
der. gain. 2 6 

(4.) It is obſerv'd, that the Sun is eclipſed 
when the Moon is inviſible, and never elſe; and 
that the Moon it ſelf is eclips'd never elſe, but 
when it is round, | 21 

(5.) The Dark Part of the Moon, both when 
it is horned, and when either it ſelf or the Sun 
is eclipſed , is not wholly inviſible , But yields à 
certain dim, and diſmal, and reddiſh Light. 

(6.) The Eclipſes, both of the Sun and Moon, 
do not happen every Year in the ſame Places of 
the Zodiac, but in Places remov'd from the for- 
mer gradually. towards the antecedent Signs. 

G.) The apparent Diameter of the Moon is 
not always the ſame, but greater and leſs by 
_ and this with a Difference very ſen- 
ible. | 

(8.) The apparent Motion of the Moon is not 
always equal, but greater and leſs by turns; and 
this likewiſe with a Difference very ſenſible. 

(9.) The Moon's Monthly Motion is ſwifteſt, 
exters Paribus, in the Conjunctions with, and 
Oppoſitions to the Sun, and ſloweſt in the Qua- 
dratures. 18 | | 

(10.) The Place where the Moon appears the 
leaſt, and its Motion the ſloweſt, is not always 

| H found 
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found in the ſame Degree of the Ecliptic, but re- 
moves unto the conſequent Signs. 

(II.) The Latitude of the Moon is mutable, 
ſometimes greater, ſometimes leſs, in the ſame 
Degree of its own-Longitude ; according to its 
various Situation with refpe& to the Sun. 

"(12.) The Orbit of the Moon ſometimes ap- 
proacheth in ſome Meaſure unto the Circular 
Figure, other whites again recedes from the ſame; 
according to its divers Situation with reſpect to 
the Sun. | ld 77. 25 1 

(13.) The Motion of the Moon 'is very une- 
qual: Nor is it like to it ſelf, whether we com- 
pare divers Parts of the ſame Month, or the like 

Parts of divers Months. LATE © 

(14.) The Moon is always found to paſs be. 
twixt the Earth and the reſt of 'the Stars, whe- 
ther Fixed or Erratic; nor has it ever been ob- 
ſerv'd, that any Star paſs'd betwixt the Earth and 

the Moon. 3:38 (9997 11 
(F.) The Light of the Moon is ſo weak, even 
in the Full Moons themſelves, that not the leaſt 
Heat can be perceiv'd by it, no not by means of 
any Burning-Glaſſes, how artfully ſoever cbn- 
triv d. e DNF; 

( 6.) The ſame Face of the Moon is in gene- 
ral alway turn'd to the Earth. _ | 

(17.) Yet are there notwithſtanding obſerv'd, 
various Librations of the ſame Face: Whilſt ſome 
of the Oriental and Occidental Parts thereof, 
are diſcover'd and hidden alternately ; and the 

| ſame Thing is obſerv'd concerning the Northern 
and Southern Parts of it. Theſe are the principal 
Phænomena of the Moon. N 


Phænom 
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Phænom. I. The Moon revolves continually from 
Weſt to Eaſt ; and this almoſt in the (ame Line with 
the Sun, which is called the Eeliptic. 

Solution. The Secondary P'znets in general, 
do both direct their Cours owards the fame 
Part of Heaven, as their primary ones do: and 
are commonly mov'd in Planes not much remote 
from the Planes of their reſpective Primaries z 
Like as the Primary Planets themſelves, are all 
mov'd in Planes, not very remote, or different 
from one another, Where, by the way,, it is 
worthy to be noted, that this Phxnomenon, 
that the Courſes of the Planets are not quite 
contrary one to another, that is directed towards 
the oppoſite Parts of Heaven ; and this alſo, that 
they are mov'd in Planes not very remote or di- 
verſe one from another, are both of them from 
the Wiſdom and Will of the Creator, and cannot 
be reſolv'd into any other Cauſe. For, ſo far as 
we can poflibly ſee, were it not for this, they 
might as well be mov'd with Courſes directly 
oppoſite, and in Planes moſt diverſely inclin'd ro 
one another, and cutting one another at all man- 
ner of Angles; and if they were thus mov'd, 
their Motions would be as eaſy to be conceiv'd 
and deſcrib'd, as they are now. 


; Phznom. II. Yet is not the Moon ud exattly 
in the ſame Line with the Sun: For ſometimes She de- 


elines ſome whole Degrees (more or leſ:) from the Equa- 


tor, than the Ecliptic does. 2 
Solution. We ſaid above, t the Planes of 
the Secondary Planets are not uſually fat, re- 
mov'd from thoſe of their Primaric ones ; but 
we did not ſay, that they are the fame. The 
2 Plans 
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Plane of the Lunar Orbit, therefore, which is 
not altogether the ſame with that of the Earth, 
cuts it at A certain Angle; from which thoſe 
Wandrings towards the North and Soutb, muſt ne- 
ceſſarily follow. _ 

Phenom. III. The Moon ſeems daily to put on a 
New Face, FF 3; | 

Solution. The Moon, which is an Opake Bo- 
dy, 2s well as the reſt of the Planets, borrows 
all its Light from the Sun, having always one 
Hemiſphere enlightned with the Solar Rays. 
When therefore the enlightned Hemiſphere is 
wholly turn'd from the Earth, as is the Caſe in 
the New Moons, this Planet muſt needs be invi- 
ſible to us. And when emerging from this State, 
it turns ſome little Portion of the enlightned 
Half to us, it muſt needs appear horn'd : And 
when it is remov'd almoſt 90 Degrees from the 
Sun, it muſt appear biſected; and afterwards, 
when it ſhews to us more than one Half of the 
enlightned Portion, it muſt appear gibbous; un- 
til that at length, the Earth being well-near in- 
rezpos'd betwixt the Sun and Moon, it preſents 
it ſelf to us in a full Orb of Light. From 
which again it muſt neceſſarily recede preſently, 
and muſt put on the like Faces as before, but in 
an inverſe Order, and with the Change of the 
Situation of the Horns. And thus it muſt needs 
be; as may plainly be ſeen, if you diſtinguiſh 
a Globe into Two Hemiſpheres, and colour one 
of them white, the other black ; and then move 
that Globe round about your Eye : For here you 
will have ſucceflively the ſame Appearances be- 
fore you, which the Moon preſents to you in the 


Heaven. 


— 
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Phznom. IV. The Sun is never Eclipsd, but 
when the Moon is inviſible ; nor is the Moon ever 
Eclipsd, but when it is round, 

Solut. When the Moon is directly interpos'd 
betwixt the Sun and the Earth, there muſt ne- 
ceſſarily be an Eclipſe of the Sun, either total 
or partial, according as the Moon obſcures either 
the whole Sun, or only a Part thereof. And 
when the Earth is directly interpos'd betwixt the 
Sun and the Moon, the Moon muſt neceſſarily 
ſuffer an Eclipſe, either total or partial, accord- 
ing as it enters into the Shadow of the Earth, or 
of the Atmoſphere of -the Earth rather, totally, 
or in Part only. But tis plain, at firſt Sight, that 
the Interpoſition of the Moon betwixt the Sun 
and the Earth, cannot be at any other Time than 


a New Moon : Nor can that Interpoſition of the — 


Earth betwixt the Sun and the Moon, be at any 
other Time, than a Full Moon. Although that 
Interpoſition of the Moon, doth not, happen at 
all New Moons ; nor that Interpoſition of the 
Earth, at all Full Moons, but at ſome only. 
Phænom. V. The dark Part of the Moon, both 
when it appears horn d, and when either it or the Sun « 
Eclip d, is not altogether inviſible. 

Solut. The Old Aſtronomers us'd to ſolve this 
Appearance, by ſaying, that the Moon hath 
ſome Light of its own, and which is not elſe- 
where borrowed. But we, who aſſert that the 
Moon is wholly deſtitute of Native Light, muſt 
ſolve it other ways. Nor are we to ſeek for the 
proper Cauſes of this Phænomenon, which indeed 
do of their on accord offer themſelves to us. 


H 3 What 
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What is there that hinders, but that that Porti- 
on of the Moon, which is turn'd to the Earth, 
and is not enlighrned directly by the Sun, may 
nevertheleſs appear to us in ſome Meaſure, 
and retain a certain dim Light, ſcarce to be 
diſcern'd, by the Reflection of the Light of 
the Farth ; which is by far a greater and more 
ſplendid Body than the Moon; and whoſe Light 
upon the Face of the Moon, is, ceteris paribus, 
above thirteen times ſo great as that Light which 
the Moon caſts upon the Face of the Earth. It 
is no Wonder, therefore, that in the Firſt Quar- 
ter, at which time the Earth ſhines upon the Moon 
with almoſt a full Orb; chat Part of the Moon, 
which is not enlightned by the Sun primarily, 
ſhould nevertheleſs be ſeen by us ſecondarily, and 
this by means of the Light of the Earth, reflect- 
ed thither, and thence reflected to us again. And 
the ſame thing is to be faid of what appears in 
an Ecliple of the Sun; for the Moon is too 
little, to obſcure even one Twentieth Part of 
the Earth: So that the Moon muſt, even in the 
Time of the Sun's Eclipſe, be enlightned by the 
Farth, which ſhines to it in the mean while with 
almoſt a full Orb. Laſtly, As for the Lunar E- 
clipſe, we noted before, that the Cone it ſelf of 
the Shadow of the Earth , 1s terminated a long 
way on this Side the Moon, and conſequently, 
that the Eclipſe proceeds not from a total Shadow, 
but from a leſſer Quantity of the Rays, which 
paſs through the Earth's Atmoſphere. Which 
Rays, whether more or fewer, ſince they muſt 
be colour'd by the Refraction, it is not to be won- 
der'd at, that they ſhould render the darkned Part 
in ſome meaſure conſpicuous, and tinge it at 
the ſame time with a ſomewhat Reddiſh Colour. 
May 19. 1701. LECT. 
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Efore we proceed further in the Solution of 
the propos d Phenomena, it is neceſſary to 


premiſe ſome particulat Hypotheſis, or Theory of 


the Lunar Motions; foraſmuch as the reſt of the 
Phenomena cannot otherwiſe be explained, or un- 
derſtood , how eaſily ſoever the foregoing ones 
were. Take therefore Mr. Horrox's Lunar Hy- 
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potheſis , as cultivated and ordered by Mr. Ham- 
ſteed: And let S be the Sun, T the Earth; the 
great Curve Line which paſſeth thro' the Center 
of the Earth, the Earth's Elliptick Orbit : And 
in the ſame Plane; ter Q'berhe Center of the 
Ellipſis, R the Superior Focus, and the higheſt 
and loweſt Points the Places of the Aphelion 
and Perihelion. Then let A be the true Apogee 
of the Moon; M the Middle. or apparent A- 
pogce; and the Points oppoſire to them, the 
true and Middle Perigees reſpectively. Let C be 
the Conjunation of the Moon with the Sun; O 
the Oppoſition of the ſame : E the Center of 

the Moon's Elliptic Orbit; E IT the Eccentricity 
of the ſame. Theſe Things being premis'd, it 
is to be noted, (1) That the Eccentricity of 
the Lunar Orbit is mutable ; and that the ſame, 
in the Conjunction and Oppoſition of the Apo- 
gee, is One and an Half of that Eccentricity, 
which is in the Quadratures. So that TE the 
Diſtance betwixt the Focus and the Center of 
the Ellipſis, in the Poſition of her Orbit, mark- 
ed[3] is One and an Half of the ſame Diſtance 
in the Poſition marked [5] : And fo of the reft. 
And the like is to be ſaid of the intermediate 
Places, in a due Proportion. Therefore whilſt 
the Line of the Apſides is remov'd from the 
Conjunction and Oppoſition of the Orbit unto 
the Quadratures, the Eccentricity decreaſes : As 
it increaſes in the contrary Poſition. (2.) That 
the Line of the true Apogee, A P, is likewiſe mu- 
table, and this Two ſeveral ways: For the mean 
Apogee, with which the true doth ever and anon 
coincide, is always mov'd in Conſequentia. But the 
true Apoge, whilſt it is transferr'd from the Con- 
junction or Oppoſition to the Octantsz goes for- 
| F wards, 
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wards, and in the Tranſlation of it from the 
Octants to the Quadratures, it ſtill goes back; 
then whilſt it is transferr'd from the Quadratu 

it ſtill goes back; but whilſt it is — 
from the Octants to the Conjunction or Oppoſi- 
tion, it goes forwards; and thus it is transferr'd 
round perpetually. Thus the Point of the true 
Apogee A, from the firſt Poſition of the Lunar 
Orbit to the Second, is removd from M, the 
Point of the Middle Apoge, to the Right Hand ; 
from the Second to the Fourth, it is remov'd to 
the Left Hand; from the Fourth Poſition to the 
Sixth, it is remov'd again to the Right Hand of 


| M; and from the Sixth to the Eighth, to the 


Left Hand again; and from the Eighth to the 
Firſt, to the Right Hand ; as is to be ſeen in the 
Figure. (3.) It is to be noted, that the middle 
angular Motion of the Moon is ſome what ſwifter 
when the Earth is in its Aphelion, and in the Peri- 
helion ſomewhat ſlower. And Mr. Flamſteed thinks 
that this Inequality hath Place only in the Cal- 
culation of the Motions of the Moon or Secon- 
dary Planets. For the Moon being an Attendant 
on the Earth, is affected with the Motion there» 
of, and increaſes or remits her own Motion, in 
Proportion to the Diſtance of the Earth from 
the Sun; and ſo as to be mov'd ſwifter in the 
Earth's Aphelion, and in the Perihelion more 
ſlowly. (4.) That the Moon's Motion is ſomewhat 
ſwifter about its Conjunction and Oppoſition, than 
about the Quadratures; which Inequality is called 
by a peculiar Name, Reflexion, or rather of late, 
Variation. (F.) That there is ſome Inequality alſo 
in the Change of the Nodes. For when the Line 
of the Nodes, or the Interſection of the Lunar 
Orbit with the Plane of the Ecliptic is placed = 


% 
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the Conjunction and Oppoſition, the Nodes reſt: 
But when in the Quadratures, the Nodes go 
moſt ſwiftly backward; and in the intermediate 
Spaces on both Sides, they are carried with a 
mean Velocity in Antecedentia. (6.) That in the 
Inclination of the Plane of the Lunar Orb to the 
Plane of the Ecliptic, there is an Inequality alſo; 
which belongs to the Regreſs of the Nodes. 
For when the Line of the Nodes is in the Con- 
junction or Oppoſition, and their Motion vaniſh- 
eth away, the Inclination of the Lunar Orbit to 
the Ecliptick is then the greateſt of all: But 
when the Line of the Nodes is in the Quadra- 
tures, the ſaid Inclination is the leaſt of all; and 
when it is in the intermediate Places, it is a mean, 
Inclination, or betwixt the greateſt and the leaſt. 
(7.) That the Globe of the Moon is turn'd per- 
petually about its own Center, with a Motion, as 
it is in the other Planets, altogether even, and 
tending to the ſame Part of Heaven with its Men- 
ſtrual and Annual Motions. And that the Time 
of this Circumvolution agrees exactly with the 
Time of a Periodical Month. (8.) That the 
Axis of the Moon doth not agree in Situation 
with the Axis of the Ecliptic, or the Axis of the 
Lunar Orb; and the Plane of the Moon's Equa- 
tor is inclin'd to the Plane both of the Ecliptic, 
and her own Orbit in a certain Angle; that is, 
that the Diurnal Motion in the Moon, as well as 
of the Earth, is perform'd about an Axis, which 
is different from the Axes of the Menſtrual and 
Annual Motions. Upon theſe Obſervations, as 
applied to particular Phænomena, the Lunar 
Aſtronomy wholly depends; and unleſs they be 
well underſtoood, we ſhall be at a mighty Loſs 
in ſolving the Lunar Inequalities. We now pro- 
ceed unto, Phz- 
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phænom. VI. The Eclipſes of the Sun and Moon 
do not happen every Year in the ſame Places of the*Zodi- 
ac, but in ſucceeding Tears, in Places gradually remod d 
from the foregoing towards the antecedent Signs. 

Solution. For as much as the Plane of the Lu- 
nar Orb is very different from the Plane of the 
Ecliptic, there 1s only one Line in or about which 
Eclipſes of the Sun and Moon can happen, to 
wit, the Line of the Interſection of the Two 
Planes, commonly called the Line of the Nodes. 
Seeing therefore the Nodes go backward eve 
Year, as hath been already obſerv'd, the Eclipſes 
alſo muſt neceſſarily do fo to, and be found in 
ſucceeding Years in Places remov'd from thoſe 
which they were in in the foregoing Years, in 
Antecedentia. | | 

Phænom. VII. The apparent Diameter of the 
Moon is not always the ſame ; but greater and leſſer 
alternately, and this with a ſenſible Difference. 

Salution. The Moon, whoſe Orbit is Eccen- 
trical with reſpect to the Earth, muſt neceſſarily 
have her apparent Diameter varied, according to 
the Diſtance ; and this in the reciprocal Propor- 
tion of that Diſtance : And thus we have ſatisfied 
this Phxnomenon. But it falls in fitly in this place 
to obſerve,that neither the Mon's greateſt Diſtance 
of all, nor her leaſt, falls in the Quadratures, 
but both in the Conjunction or Oppoſition ; con- 
trary to the Opinion of Mr. Des Cartes: who aſ- 
ſerts that the Orbit of the Moon is Elliptical in- 
deed, but ſo that the leſſer Axis of it is always in 
the Conjunctions and Oppoſitions, or paſſeth 
through the Center of the Sun; and the great- 
er in the Quadratures. Which Aſſertion is 
very wide of the Truth. For tho' it appears 
from the moſt accurate Obſervations of this Age, | 
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that the Moon's Orbit is Elliptical, yet is not its 
| longer Axis in a Poſition accommodated to the 
Conjunctions or Oppoſitions, but one proper in it 
ſelf, and in which there is no Mutation at all, other 
than what proceeds from the Progreſs of the Apſi. 
des: From which it is manifeſt, that the Places of 
Conjunction and Oppoſition muſt neceſſarily be 
remov'd, and that both they and the Quadratures 
muſt ſucceflively poſſeſs all the Parts of the Ellip- 
ſis. Nay farther, the abſolutely greateſt Diſtance 
of all, as well as the leaſt, fall in ths New and 
Full; becauſe, according to the rſt Obſervation 
foregoing, the greateſt Eccentricity of the Lunat 
Orbit is, when the Line of the Apſides falls in 
the Conjunction or Oppoſition. W 
Phænom. VIII. The apparent Motion of the 
Moon is not always equal, but greater and leſs by turn, 
and this with a ſenfible Difference. | 
Solution. This Variety of the Lunar Motions 
ariſes from many Cauſes. The rſt is, ſome In- 
equality of the mean Motions, according to 
which the Moon moves ſomewhat more ſlowly in 
the Perihelion. The 2d is, the Elliptic Figure 
of the Lunar Orbit; in which Figure, according 
to the eſtabliſn'd Order of the whole Heavens, 
it muſt needs be mov'd more ſwiftly in the Peri- 
gee, inthe Apogee more ſlowly. The zd is the 
continual Mutation of the Eccentricity of the 
Lunar Orbit; from whence will ariſe a till 
greater Difference of Velocity for the Perigees, 
and of Slownels for the Apogees, in the Conjun- 
ction of the Apſides, than in their Quadratures. 
With theſe is to be reckon'd, as a 4th Cauſe, that 
the Lunar Motion it ſelf from the Conjunction 
and Oppoſition to the Quadratures, is ſomewhat 
| Mackened ; but from the Quadratures to the Con- 
junction 
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junction and Oppoſition, ſomewhat accelerated; 
and thus it is every Month. Now tis clear that 
fom a Complicarion of all theſe Inequalities, the 
apparent Motion of the Moon cannot chuſe but 
be very unequal. 

Phznom. IX. De Menſtrual Motion of the Moon 
in the Ecliptic is ſwifteſt, cæteris paribus, when it is 
in the Conſunct ion and Oppoſition, and ſloweſt in the 
Onadratures. 

Solution. We ſpake of this under the Phæno- 
menon foregoing: But the juſt Solution of it 
would lead us too far out of pure Aſtronomy into 
Phyſics. We ſhall only note again, that the 
aforeſaid Carteſian Poſture of the Lunar Orbit, 
which ſeems to ſolve the preſent Appearance, and 
to have been calculated purpoſely for it, -is indeed 
moſt wide from the Truth; and although the 
Motion of the Moon is ſomewhat ſwifter in the 
Conjunction and Oppoſition, and ſomewhat ſlower 
in the Quadratures; yet it is not abſolutely the 
ſwifteſt in the one, or ſloweſt in the other Caſe, 
but in the Perigees and Apogees. Furthermore, 
thoſe Accelerations and Retardations are found 
to alter the Moon's Diſtance from the Earth very 
little, if any at all. Nay Horrox , a diligent 
Obſerver of the Lunar Phænomena, concludes, 
that theſe Monthly Inequalities do not at all vary 
this Planet's Diſtance from che Earth; and con- 
ſequently that they proceed not from any Eccen- 
tricity. But grant they do ſomewhat vary the 
Diſtance ; yet the Difference of Diſtances pro- 
ceeding from the ſaid Reflexion, or Variation, as we 
call it, is ſo very ſmall, that ic is not worthy to 
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be compar d wirh that Difference, which hay: 
pens by the proper Eccentricity of the Lung: 
Orbit, which is abſolutely the greateſt in the New 
and Full. 5 110891 | | 

TP Phznom. X. The Place where the Moon appear; 
the leaſt, and her Motion the ſloweſt, doth not conting 
in the ſame Degree of the Ecliptic, but goes forward; 
by degrees towards the conſequent Signs. 

Solution. The Apogee, which is the Place where 
the Moon appears the leaft , and her Motion the 
ſloweſt, is continually mov'd in Conſequentia, 2 
| hath been already obſerv'd. For although the 
Apogee goes forward in the New and Full, and 
backward in the Quadratures, yet ſince the Moti. 
on of it, where it goes forward; is as ſwift again 
as it is where it goes backward, in the Compaſ 
oß one entire Revolution, as taken together, the 
Exceſs muſt be on the progreflive Side; and ſo 
upon the whole, in one entire Revolution, the 
Apſides muſt advance towards the conſequent 
Signs. | 

3 XI. The Latitude of the Moon is mi- 
table, and according to its various Situation with reſpeti 
to the Sun, is ſometimes greater, ſometimes leſs, in tht 
ſame Degree of its own Longitude. / 

Solution. This Difference of Latitude ariſeth 
from the diverſe Inclination of the Lunar Orbit 
to the Ecliptic. For this Inclination hath, as 
hath been ſaid, its own Inequalicy: And this in 
ſuch ſort, that the Inequality is owing to the Re- 
greſs of the Nodes: So when the Line of the 
Nodes is in the New and Full, the Angle of In- 
clination is the greateſt of all ; when it is in the 
Quadratures , the leaſt of all; and in the inter- 
mediate Places, of a mean Quantity. Let the 
Moon's Menſtrual Motion therefore bs conceird 
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to be perform'd in a material Plane, which hath 
the Body of the Moon fixed in it; and let this 
Plane be imagin'd to be elevated about the Line 
of the Nodes, as about an Axis, by ſome extrinſic 
Force; to be elevated, I ſay, and depreſſed by 
turns, in the mean while that the Moon performs 
herCircuit; and this in ſuch ſort,that it be moſtele- 
vated when the Line of the Nodes falls in the 
New and Full, and moſt depreſs'd when it is in 
the Quadratures ; and in the intermediate Spaces 
more or leſs elevated, in Proportion to the Di- 
ſtance of the Line of Nodes from the New and 
Full. In this manner it is eaſy to conceive the 
Phznomenon , and to determine at any time the 
Moon's true Latitude, although ic be it ſelf 
changeable and ever varying. | 
Phznom. XII. The Orbit of the Moon approach- 
eth ſometimes towards a Circular Figure, ſometimes re- 
cedes flom it; and this according to its divers Situation 


Vith reſpect to the Sun, 


Solution; This muſt neceſſarily be, if the Ec- 
centricity of theLunarOrbit,as indeed it is, be great- 
er, when the Line of the Apſides is in the New 
and Full, than it is at other times; for the 
greater the Eccentricity is, the farther it recedes 
from the Circular Figure; and ſo on the contrary. 

Phænom. XIII. The Motion of the Moon is very 
unequal, and unlike to it ſelf; whether you reſpect di- 
vers Parts of the ſame Month, or the like Parts of di- 
vers Months, 3 

Solution. This is not to be wonder'd at. For- 
aſmuch as from ſo various and unlike Changes of 
Eccentricity, Apogees, Aphelia, Nodes, In- 
Clinations, true Velocities, Variations, no 
way connected together amongſt themſelves, 
very unlike Motions muſt neceſſarily __ 

Ceo 
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ceed, both as to the Parts of each ſingle Month, 
and in divers Months compar'd together. 

Phænom. XIV. The Moon hath been oftentime 
found to paſs between the Earth and other Stars, whether 
Fixed or Erratic ; but no other Star was ever found 10 
paſs betwixt the Moon and the Earth. 5 

Solution. The Moon is much nearer to the 
Earth, than any of the reſt of the Stars; as is 
abundantly manifeſt from its Diurnal Parallax, 
which is great and very ſenſible. 

Phznom. XV. The Light of the Moon is ſo very 
aweak, even in full Moons themſelves, that the leaf 
Heat could never be perceived from it ; no not in the 


m 


7 

Uſe of the moſt artfully contriv'd burning Glaſſes. 

Solution. For as much as Heat is almoſt every 
where a Concomitant of Light ; it ſeems that 
the Non-perception of this Concomitance in the 
Moon is for that ſo very fmall a Quantity of the 
Rays of Light are reflected from the Moon 
to us, as ſufficeth indeed to affect the moſt ſubtil 
or fineſt Organs, thoſe of Sight ; but not to move 
the more groſs and obtuſe ones, of touching or 
r fs 1 

The primary Rays of the Sun, which fall upon 
the Moon, are to be ſuppos'd to be almoſt the 
ſame, both for Number q the Magnitude of the 
Body being conſidered ) and for Strength , that 
we perceive them to be upon the Earth ; where 
we experience them ſufficiently hor. But 
then, when thoſe Rays are reflected from the 
Moon towards the Earth, and are diſperſed into 
half the Surface of a Sphere at the Diſtance 
of the Moon ; what a ſmall Number, in Com- 
* pariſon of thoſe Rays which fell primarily 
upon the Moon, muſt inthe Reflexion fall up- 
on ſo ſmall a Part of that Surface, as the Earth any 

| up 
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up? And conſequently, how very ſmall muſt the 
Force of thoſe of them, which do fall upon the 
Earth, be, in compariſon of the Force of the 
whole Sum of them upon the Face of the Moon? 
The Quantity of the Rays of Light decreaſeth, 
as hath been already ſaid, in the duplicate Propor- 
tion of the Diſtances; and conſequently the 
Quantity of the Sun's Rays, reflected from the 
Moon to the Earth, as compar'd with the Quantity 
of them upon the Moon it ſelf, is reciprocally in 
Proportion of the Square of the Diſtance of the 
Moon from the Earth to the Semi- diameter of the 

Moon. From whence it will appear by Compu- 
tation, that the Light of the Moon upon the 
Earth is no more than a Fifty thouſandth Part of 
the Light of the Sun. But from ſuch a little 
ror ua of Light, no ſenſible Heat is to be ex- 
Phænom. XVI. The ſame Face of the Moon is al- 
Sor 1s tothe Ranth. toons a; ante 

Solution. All Aſtronomers: of all Ages have 
perceiv'd that the ſame Face of the Moon is al- 
ways turned to us; but how it ſhould be, that the 
Monthly Motion ſhould not offer all the Parts of 
the Star to our Sight ſucceſſively, they knew not 
till of late. It is now found, that beſides its An- 
nual Motion about the Sun, and Menſtrual about 
the Earth, the Moon hath alſo a Diurnal Motion 
about its own Axis. And this Diurnal Motion 
doth exactly anſwer to the Menſtrual, and is per- 
form'd in the very ſame Space of Time, as is the — 

Periodical Month. Which is a thing greatly to 

be wonder'd at indeed; but this juſt Cauſe of 

„r: ſolves the Phænomenon; for the Moon, 
its Diurnal Motion, and this preciſe Quantity 

of the ſame, turning the ſame Face ſo much fo 
eng 


R 
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the Earth, as by the Menſtrual Motion that Face 
is turn'd from the Earth, that Face of this Planet, 
which the Inhabitants of the Earth behold, muſt 
needs be in a manner one and the ſame perpetu- 
ally. *% 

Phznor. XVII. Yet this notwithſtanding, there 
are divers Librations of its Face; for ſome Orien- 
tal and Occidental Parts of it are diſcovered and hidden 
by turns; and the ſame thing is obſervd ſometimes of 
the Northern and Southern Parts of it. 

Solution. The Knowledge of the Cauſes of this 
and the foregoing Phænomenon, we owe to no o- 
ther than the Great Sir Iſaac Newton ; as we have 
theKnowledge of thePhznomena themſelves from 
the Obſervations of the Famous Hevelius, and af. 
ter him of others: And the Cauſe of it we now 
come to deduce. Firſt, As to the Librations to- 
wards the Eaſt and Veſt: Theſe proceed from the 
Compariſon of the even Diurnal with the uneven 
Menſtrual Motion. For ſeeing the Diurnal Ro- 
tation is altogether even, did we fee the Moon 
from the Center of a Circular Orbit, we ſhould 
always have the ſame Face turn'd to us, without 
any Alteration. But we that ſee this Planet 
without the Center of its Orbit, and from the 
inferior Focus of the Elhpſis, muſt neceſſarily 
have it preſented to us in that reciprocal libratory 
Motion to the Eaſt and Weſt; as every one that 
weighs the thing in his Mind will apprehend. 
Then, as to the Librations to the North and 
South; theſe are owing to the Inclination of the 
Plane of the Moon's Equator to that of its Orbit. 
If theſe Two Planes coincided, we that dwell up- 
on the Earth ſhould perceive no Libration of this 
Sort: But when the Plane of the Moon's Equa- 
tor is diverſe from the Plane of its Orbit, Farting 

| N39 e 


1 90 — TR = — —_ "TE 


. 


eat Wc 0 we 


Aſtronomical Lectures. 115 


the ſame at a certain Angle; this Planet muſt, 
accordin 50 its diverſe Poſition in its Orbit, alter- 


nately offer to our View, and alternately hide 


ſrom it ſome of the Northern and Southern Parts; 
in like manner as to one that ſhould behold the 
Earth from the Sun, ſometimes ſome Northern, 


at other times ſome Southern Parts of it would 


come into ſight according to the divers Seaſons 
of the Year. TY 


And thus much for the Phenomena of the 


Moon. 


Tune 2. 1701. 


Leer. 


Hh diſpatch'd the Theory of thoſe two 
great Lights of Heaven, the Sun and the 
Moon; our next Buſineſs is to ſnew how to re- 
duce the ſame into Practice in Aſtronomical 
Computation. But foraſmuch as all Celeſtial 
Motions are in Aſtronomical Tables accommo- 
dated unto Equal or Middle Times; and unleſs 
the Time apparent be reduced to the Mean, 
(which Practice is call'd Equation) it cannot be, 
but that the Calculation of the Motions ſhould, 
for the moſt part, differ from the Obſervation of 


them; and that the Moments of Time ſhould be 


otherwiſe in the Tables than they are, according 
to our Clocks: Therefore it ſeems moſt requiſite 
to premiſe ſomething in this Place concerning 
that Equation of Time, which is ſo neceſſary in 
all Aſtronomical Calculation ; which Things we 
dall do in theſe following Theorems, 51 


I 2 (I.) The 
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(r.) The Entire Revolutions of the Equator of 
the Earth, reckon'd either as in themſelves, or, 


. which comes to the ſame thing, with reſpect to 


the Fixed Stars, are each of them Iſochronal, 
that is, always perform'd in equal Spaces of Time 
exactly. 5 

I confeſs this is contrary to what ſore have 
aſſerted, and to what ſome of the moſt famous 
Aſtronomers formerly have been prone to think, 
But there are two Things which eſtabliſh this 
Propoſition, to mention nothing elſe. Firſt, the 


Accommodateneſs of this even Equatoreal, or, 


which is the ſame, Sydereal Day to the Calculati- 
on of the Celeſtial Motions, with the abſolute 
Neceflity of this Suppoſition unto the performing 
any thing accurately in Aſtronomical Computa- 
tion. Secondly, The true Knowledge of the 
Nature of Things: For it is a Thing moſt evi- 
dent in Nature, that when any Body is put into 
Motion, it will perſevere in the ſame State, and 
retain alſo the ſame Degree of Celerity, unleſs it 
be hindered or diſturbed by ſome impreſs'd Force 
from elſewhere, or by a reſiſting Medium. Nei. 


ther of which Things having place in the Moti- 


on of the Earth, it muſt continyally retain that 
Motion, and that Degree of Motion which it had 
at firt; unleſs you imagine it to be a Living 

Creature, and not an Inanimate Body. 
(2.);: The Solar Day, or that Space of Time 
which is betwixt the apparent Noon of one Day, 
and the apparent Noon next following, is Une- 
qual; and ſometimes greater, ſometimes leſler, 
accord ing to the various Times of the Year. 
This Propoſition is known to all, and is obvious 
to daily Obſervation in the Motion of Pendulum 
Clocks, which do moſt exactly Meaſure the T 2 
| - 
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We ſhall not trouble our ſelves to mention either 


thoſe wholly falſe and imaginary, or the remote 
and far-fetch'd Cauſes which many have aſlign'd 
of this Inequality : thinking it ſufficient to pro- 
duce the true, plain, Geometrical Reaſons of it, 
and thoſe which alone are beſeeming an Aſtro- 
nomer. Now theſe are taken- in the General 
from the Motion of the Sun or Earth ; the one 
apparent, the other true ; and from the Coinci- 
dence of the Unevenneſs of the Earth's Annual 
Motion with the Evenneſs of the Diurnal. In 
which Conſideration of this Matter, there is a 
Complication of Cauſes in the preſent Inequality : 
as will be ſhew'd in the Two following Propoſi- 
tions. fey 

(3.) There is then a double Cauſe of this In- 
equality, and it proceeds from a twofold unequal 

Tendr of the Celeſtial Motions ; to wit, the Ec- 
centricity of the Orbit of the Earth ; and the 
Oblique Poſition of the Equator to the Eclip- 
tic. 

As to the Firſt; We are to obſerve, that if the 
Yearly Orbit were indeed Circular, and had the 
Sun in the Center, ſo that the Diſtance of the 
Sun from the Earth ſhould be always the ſame; 
(like as the Thing ſeems to have been before 
Noab's Flood, ) no Cauſe of this Inequality would 
be to be found in the Figure of the Earth's Orbit: 
For then, ſuppoſing the Year to contain 360 
Days, every Day, over and above the equal Space 
of one Revolution, had had allotted to it the e- 
qual Interval of one Degree; but if you add 


Equals to Equals, the Wholes cannot be unequal. 


And the ſame is to be ſaid of any other Number 
of Days whereof the Year might conſiſt, But in 
the Elliptical Orbit, where the Quantity of the 

8 I 3 Yearly 
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Annual Motion is unequal, and divers in ſome 


Days from what it is in others, the Thing muſt 
neceſſarily be otherwiſe; Unequal Portions be- 


ing continually added to the Equal Diurnal Re- 
volution. As for Inſtance; In the Aphelia, the 
Farth by its Slower Motion doth daily change its 


Angular Poſition to the Sun, leſs than ic doth in 
the Perihelia ; and conſequently the Angle is leſs 
which it doth then furniſh over and above its En- 
tire Revolution, to be added to that Revolution, 
that ſo the Solar Day may be Compleated ; for 
the Annual Motion, which as to the >uperior Fo- 
cus of the Ellipſis, is always nearly Equal, is con- 
ſiderably Unequal with reſpe& to the Sun in the 
Inferior Focus; and thus an Inequality muſt needs 
be induc'd into the Natural Days. 

(4.) The other Cauſe of this Inequality is the 
Oblique Poſition of the Equator to the Ecliptic. 
Tf the Axis of the Earth were always mov'd Pa- 
rallel to che Axis of the Ecliptic, and conſequent- 
ly the Plane of the Equator had coincided with 
that of the Ecliptic ( as the Famous Dr. Burnet 
conjectures that it did in the Time before the 
Flood) there would be nothing in the Earth's Po- 
ſition with reſpe& to the Ecliptic that might cauſe 
this Inequality. But when the Diurnal and An- 
nual Motions are perform'd upon very different 
Axes, ( which is the Caſe now, and was indeed, 
ſaving all due Reſpe& to ſo great a Man, from 
the very beginning); then an Inequality of Days 
mult neceſſarily take place by the general Con- 
ſent of Aſtronomers, For in this Caſe the Sun's 
Longitude along the Ecliptic, and the Diurnal 
Motion along the Equator, which we call the 
Sun's right Aſcenſion, are both to be taken into 


the Account; and unleſs every Arch of the E- 


cli ptic 
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eliptic anſwer d to every Equal Arch of the Equa- 


tor, ſo that there was no Difference betwixt the 
Longitude of the Sun and his Right Aſcenſion, 
which Thing cannot be; there muſt moſt certain- 
ly an Inequality of Days ariſe from thence. E. G. 
Let the Longitude of the Suri be one Degree; 
his right Aſcenſion then muſt not by the Canon 
of Triangles exceed Fifty- five Minutes; which 
Defect of Five Minutes being turn'd into Time, 
comes to a Third Part of a Minute, or there a- 
bouts; which Space, how ſmall ſoever it may 
ſeem in it ſelf; yet when it is augmented for ma- 
ny Days ſucceflively by an almoſt equal Increaſe, 
will introduce in a while an Inequality in no wiſe 
to be ſlighted. | 
(5.) Both the Quantity and Place of theſe two 
Cauſes of the Inequality here treated of, are very 
different in this our Age; and require to be di- 
ſtinctly Calculated. | In this Age, I fay; for 
whenſoever the Line of the Apſides ſhall be found in 
the Solſtices, (which was ſometime formerly, and 
will be again hereafter ) or in the Equinoxes ; 
theſe ewo Diverſities will come ſomething nearer 
together.] Now the former of theſe Cauſes, the 
Eccentricity of the Orbit, which hath nothing 
common to it with the latter, Remits us to the 
—_— and Perihelia for an Equation of Time, 
which anſwers to the Quantity of that Eccentri- 
city, and is once a Year addititious, | or to be ad- 
ded to the true, that is, the apparent Time, ] and 
once ablatitious, [or to be taken from it.] But 
the latter of theſe Cauſes, which is plainly divers 
from the former, makes an Equation of Time 
equal to the Difference betwixt the Sun's Longi- 
tude in the Ecliptic, and his right Aſcenſion in 
the Equator; and which being to be reckon'd 
| I 4 from 
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from the Equinoxes to the Solftices, and from 


the Solſtices to the Equinoxes, is twice in 2 Year 
addititious, and twice ablatitious; and is almoſt 
One and an half of the Eccentric Equation. The 
Entire Equation therefore of Solar Days, which 
15 every-where neceſſary in Aſtronomical Com- 
putations, is not to%be ferch'd from either of theſe 
Cauſes ſingle or alone, but from the Combination 
of both. For where both the Equations are ad- 
dititious, or both ablatitious, the Abſolute Equz- 
tion of Time ariſeth from the Sum of them, 
which is to be added to, or taken away from the 
true Time, according to the Tenor and Name of 
both the Equations; and where One is addititi- 
ous, and the Other ablatitious, there for the ob- 
taining the mean or even Time, the Difference of 
them is to be added to, or taken away from the 
true Time, according to the different Time of 
the Year. | | 

Theſe Things premiſed, we come to the Aſtro- 
nomical Calculations ; which we ſhall Order as 
much as we can according to the Precepts and 
Tables of the Famous Mr. Famſtecd: But where 
we have not his Tables, we ſhall make uſe of 
thoſe of Mr. Street, which are Celebrated above 


all others hitherto publiſhed. 
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To determine the True Place of the Sun at any 
Given Moment of Time. 
Precept. 1. IN the Table of the mean Motions of 
the Sun, look for the Given Time 
on the Left Hand; and this not only as to the 
Radical Year, but alſo as to the compleat Years 
from thence, together with the-Months, Days, 
Hours, and Minutes, both firſt and ſecond. 
All theſe being written down orderly one under 
another, Write out together with them the Num- 
bers anſwering to each, which we call the Middle 
Motions, as well thoſe of the Perihelium, as of 
the Sun it ſelf, each One in its Order, in a dou- 
ble File of Numbers; and in ſuch wile, that not 
only the Signs and Degrees, but Minutes alſo, 
both firſt and ſecond, be diligently noted and 
written down. 

Precep. 2. Sum up all the Middle Motions of 
the Sun, both thoſe of the Root or Epocha it (elf, 
and thoſe of complear Years ; together with choſe 
of the. Months, Days, Hours, Minutes. Cc. all 
together, that ſo the True Place of the Sun may 
be obtain'd. Then do the like by the Motions of 
the Perihelium, adding them togerher to the Root 
or Epocha in their proper Place ; that ſo you may 
have the True Place of the Perihelium for the 
Given Time, | 
; Precep. * Then the Place of the Perihelium, 
or ics Longitude in the Ecliptic, which you have 
juſt now collected, is to be ſubſtracted out of the 
True Place of the Sun; and thus you have the 
Sun's Mean Anomaly, the Foundation of our Future 


Operations. Precep. 
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Precep. 4. Having acquir'd the mean Anomaly 
of the Sun, your next Buſineſs is to find out the 
Coequate Anomaly ; that is, its True Place from the 
Center of the Earth. To which purpoſe go to 
the Table of the Equations of the Earth's Orbit ; 
in which the Difference of the mean and true 
Motions is perpetually noted; and there look for 
the Sun's mean Anomaly ; (which [as to the De- 
grees of it] is on the Left-hand, if it be contain'd 
within the former fix Signs; but on the Right, 
if within the Limits of the latter) and the Quan- 
tity of the Equation anſwering to that Anomaly ; 
and this not only in whole Degrees, which you 
have to your Hand in the Table it ſelf, but alſo 
in the Sexageſimals, both firſt and ſecond, which 
belong to the mean Anomaly, and are found out 
with ſome Difficulty by the Rule of Proportion. 
Which being done, that Entire Equation in the 
Six former Signs taken out of the Sun's mean Mo- 
tion, and in the Six latter Signs added to the ſame, 
will ſhew the true or apparent Place of the Sun. 
So that if the mean Time was given firſt, you 
have now done your Work, and found the Sun's 
True Place exactly for the Given Time. But if, 
as it commonly happens, the Time given was 
only the True or Apparent Time ; which indeed 
in all your Operations hitherto, you have ſuppo- 
ſed to be the Mean or Equal: Then what re- 
mains to be done is, that by finding the Equation 
or Difference betwixt the Time given, conſidered 
as the Mean, and as the True Time, you add 
ſo much to, or ſubſtract ſo much from the Time 
as the Matter ſhall require. 

Precep. 5. Firſt conſult the former Table of the 
Equation of Time, or that which reſpects the 
Eccentricity of the Earth's Orbit, and there Ry 

the 
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the Sun's mean Anomaly on the Right-hand, if 
iche contain'd in the Six latter Signs; but on the 
Left, if within the former. And the Equation 
which you find anſwering thereto, whether it be 
added or ſubſtracted, mark and write out. Then 
come unto the other Equation-Table, that which 
is founded upon the Inclination of the Equator 
to the Ecliptic; and there ſeeking out the Place 
of the Sun in the Ecliptic, which you have now 
obtain'd, and which you will find in the Table, 
either at the Top or Bottom; write out in like 
manner the Equation belonging thereto, whether 
it be to be added or ſubſtracted as the Table it 
ſelf ſhews you. When you have done this, what 
next follows is, that you work with theſe two 
Equations as you were directed above in the Pre- 
limina:y Diſcourſe, Prop. 5. concerning the E- 
uation of Time ; that you may find out the ab- 
olute Equation, which when you have obtain'd, 
if you bring it to the Table of the Horary Mo- 
ton of the Earth, grounded upon and compured 
according to the Mean Anomaly, and there by 


the Means of the Rule of Proportion find that 
Motion of the Sun which correſponds to this In- 
WW terval or Abſolute Equation ; add thoſe Propor- 
tonal Parts of the Sun's Motion to the Place of 
| WW the Sun which was found before, if the bigger 
Part of the Equation requires that it ſhould be 
added ; or take away thoſe Proportional Parts, if 
the larger Part of the Equation requires their 
dubſtraction. By this means you will at length 
have the True Place of the Sun in the Ecliptic, 
corrected unto the true or apparent Time, Q. E. I. 
But it will not be amiſs to put you in mind in this 
Place, that if you make uſe of Mr. Flamſteed's 
Table of Abſolute Equation, calculated for the 
5 preſent 
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preſent Age, and which is to be entred immedi. 
ately with the Sun's Place in the Ecliptic, and 
from thence ſubſtitute the Mean Time for the 
Apparent, which it anſwers to, you will cut your 
Work ſhorter, and fave your ſelf much La- 


* 


bour. . 
And thus much for the Precepts touching this 


Problem, which it will be convenient to illuſtrate 
by an Example or two. Let the Place of the 
Sun be ſought for A. D. 1668. Octob. 25th. One 
Hour, five Minutes, and thirty Seconds after 
Noon. 

Where in the beginning it is to be noted, that 
the Roots of the Mean Motions in Mr. F!1m/teed's 
Tables are both Calculated for the Meridian of 
London, and fitted to the Noon of the Day im- 
mediately foregoing the Firſt of Fanuary: And 
furthermore, that a Day alſo is to be added every 
Biſſextile Year to the Time given; that is, if the 
Time follow the Biffextile Day, and be in: any 
of the Months which are after February ; as here 
in the preſent Example, becauſe the Year is Leap- 
Year, and the Month October is long enough af- 
ter February, for the 25th Day of the Month you 
muſt ſubſtitute the 26th. Having therefore thus 
rectified the Day of the Month, if the Matter re- 
quires it ; and the mean time moſt exactly defin'd, 
being now given you, go to work; and firſt ſeek 
the Radical Year next foregoing, to wit 1661, in 
the Table of the Mean Motions of the Sun ac- 
cording to the firſt Precept. In the Aſtronomical 
beginning of which Year, according to the Tables 
of Mr. Flamſteed, which alone we have reſpect to 
here, the Place the Sun poſſeſſeth is the roth Sign 
from the Vernal Equinox, and in the 21ſt Degree, 


the 26th Firſt, and 47th Second Minute ; bur the 
| Perihelion 
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Perihelion is in the 4th Sign, and the 7th Degree 
of it, and the beginning of the 36th Minute. To 
which Places of the Roots, if you adjoin in their 
proper Ranks the mean Motions, both of the 
Sun and the Perihelion, which belong to the 
7 Years, and to the Given Month, Day, Hour, 
Minute and Second, and collect them into one 
Sum, according to Precept the 2d, you will ob- 
tain for the Motion of the Sun collected, Signs 7. 
Deg. 14. 29. 45“; and for the Motion of the 
perihelium, Signs 3. Deg. 6. 41. 31”. And then 
ſubſtracting by the zd Precept, the Place of the 
perihelium, out of the Middle Motion of the 
Sun, you will have for the Sun's mean Anomaly 
4 Signs, Deg. 7. 48“. 14. Then, laſtly, this mean 
Anomaly being given, let us come to the Table 
of the Equation of the Orbit of the Earth; where 
having found the Quantity of Equation agreeing 
to that mean Anomaly, which in the preſent 
Caſe, as the Title requires, is to be ſubſtracted 
out of the Sun's mean Motion which was found 
before; by the Difference we ſhall obtain the 
True Place of the Sun in the Ecliptic for the 
Given mean Time exactly. Q. E. I. Bur if the 
Time given were not the Mean , but the Appa- 
rent or Vnlgar Time, we ſhall ſtand in need of 
the Table of Equation of Time, if we would 
have the Place of the Sun exact and correct to 
the Given Time. In which Operation, if we 
be minded to find out the Abſolute Equation our 
ſelves; We muſt firſt find out the Two Parts of it, 
that which is connected with the mean Anomaly; 
and the other, that which depends upon the In- 
clination of the Equator to the Ecliptic. The 
Quantity of the former of which Equations in 
the preſent Problem is Negative, or 8 
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and contains 6' 8”: And the latter, which is alſo 
Negative, 9. 51". Which Quantities, ſeeing they 
are-both of one Kind and Negative, the Abſolute 
Equation ariſing from them, will be the Sum of 
them, to wit 15". 59”. and will be Negative alſo, 
Which Abſolute Equation therefore being ſub. 
ſtracted out of the Apparent Time, giveth the 
Mean Time; and, which is the Thing chiefly 
ſought for by it in this Place, it gives the Quan- 
tity of the Sun's Motion anſwering to that Equa- 
tion ; which either is to be added to the True 
Place of the Sun which was found before, or to 
be ſubſtracted from it, that the Correct Place may 
be had: For in the Table of the Horary mean 
Motion of the Sun you find 2“ 3 1“ to anſwer to 
the Motion of one Hour. Therefore by the Rule 
of Proportion, if 60' of Time give 2". 31“ of the 
Circle ; how many Minutes of the Circle ſhall the 
Abſolute Equar. 15. 59” in the preſent Caſe give? 
To wit 40". which being taken away from the 
True Place of the Sun, which was found before, 
gives at length its Place correct for the given ap- 
parent Time, which is in the 13th Degree of 
Scorpio, and the 58th Minute of that Degree, and 
the 5th Sexageſimal of that Minute. Q. E. I. 
In the cloſe of all we preſent you with a ſhort 
Draught or Scheme of this Operation out of 
Mr. Flamſteed, in which you will ſee the Manner 
of it more clearly. | 
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The Place of the Sun is ſought for the aps 
parent Time, Octob. 25% Th. 5'. 30". 
P. M. (or after Noon) A. D. 1668. 


The Motion | The Motion of the 
of the Sun. Perihelium. 
— — — rms 
| 4 0 We" 4 0 4 " 
1661] 9g-20-25-45 | 3-6-35- © 
7 | 11-29-18-48 5-50 
Biſſex. 2 | 41 | 
Octob. 5 9-24-42-30 {| 11ͤͥ(—VLãu'—ͥ44 — ———— 
Hor. 1 | | ö 3 6-41-31 Place of the Perih. 
: 2-28 | 7-14-29-45 Sun's mean Mor. 
$5]. 12 | 3-.5-41-31 Not. of Perh.ſubſtr, 
3 4 7-48-14 Mean Anomal. 
30 8 
The me. Mot.] 7-14-29-45 | Equat. (I.) 6- 8 N.. | 
Equar.ſubſtr, 1-32- I 28 9-51.57 55.\[ubſir. 
Sun's Place. 7-I 2-57-44 2-31 Sun's hor. Mot. 
Parts Pro- 40 40 Part. Prop. ſub, 
, port. ſubſtr. . 
The S-s Place | 7-12-57-4 9 
correct. 2 a5} 
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Another Example. 
| 3\ 


The Sun's Place is ſmupht for the edn Tim 
given, Decemb. 22% 6h 34' 57“ after Moon, 
A. D. 1680. 


£ ] Not. of the Sun. | Motion of Perihelium. 
1 6 / " | s 0 7 mi 
1661. I 9.20.25. 46.3.6. 35. 0. 
19. 11. 29. 24. 13. 0. o. 15. 50. 
Decemb.22.Bifl. | 11.21. 52. 33. | 0.0. o. 49. 1 
h 6. | | . 7 14. 47. —  _— 
34. WAS Fg 24. 3. 6.51.39. Perihel. Place. 
57. | 2. | 9-11-58.45. Sun's me. Mot, 
| 6. 5. 7. 6. Mean Anom. 
The Mean Mot. 9. 11. 58. 45. 
Equ. addititious.. 10. 14. 
Sun's Place. | 9. 12. 8.59. | 


And thus much for the Calculation of the 
Sun's Place. | Nags; 


Od&ob. 20. 
1701. 
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Lier 


W- proceed now to the Computation of 
the Moon's Motions. But before we en- 
ter upon a Calculation ſo perplex'd and intricate 
as this is, it is requiſite to repeat ſcme- things 
which were before delivered out of Herrox's Hy- 
potheſis, leſt we ſhould be bewilder'd and loft in 
this winding and intricate Buſineſs, as in a Laby- 
tinth. Let us therefore in this place call to mind, 
(I.) That the Moon's mean Motion it ſelf is ſub- 
ject to ſome Variation, and according to her va- 
rious Diſtance from the Sun, which is de- 


| fin'd by the Anomaly, common to her with the 


Earth itſelf, is either more ſwift or more ſlow ; 
The Mean Menſtrual Motion of this Planet be- 
ing found to be ſomewhat more ſwift in the A- 
phelia, more ſlow in the Perihelia. (2.) That 
beſides the Motion of the Moon it ſelf, and of the 
Apogee, like to what we had in the Sun, here is 
the Motion of the Nodes alſo to be conſider'd; 
which is not only a Motion unconcern'd in our 
former Computation, but by reaſon of its Retro- 
gradation requires to be handled in another way 
of Calculating, as will be ſeen aſterwards. 
(3.) That the Unevenneſs of che Moticn of the 
Nodes; the Quantity whereof is Mutable and Va- 
nous, according to the various Poſition of the Line 
of Nodes wich reſpe& to the Sun; tends allo to 
perplex the Lunar Computations, and requires to 
be brought unto ſome Equation, that it may be 
fitted for Aſtronomical Operations. _ (4.) That 
the Inequality of the Eccentricity of th I unar 
Orbit, which is greateſt when the Line ct che 

5 Apſides 
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Apſides falls in the Conjunction or Oppoſition, and 
is then one and an half of what it is in the Qua- 
dratures; which conſequently renders the Ellip- 
ſis perpetually mutable, ſometimes coming nearer 
to a Circle, ſometimes a great deal more remote 
from it, as not to be reduc'd to any certain Spe- 
cies, and which finally is ſcarce to be accurately 
defin'd, muſt needs bring no ſmall Difficulty into 
the Calculation. But notwithſtanding, if we com- 
prehend all things in our Mind before- hand, and 
accuſtom our ſelves to this Method, we ſhall make 
the Intricacies thereof, which indeed do princi- 
-pally ariſe from the Cauſe juſt now mention'd, 
more familiar and eaſy to us. (5.) The Motion 
of the Apſides hach in it as great Inequality as the 
Eccentricity, and greater: they ſometimes going 
backwards, ſometimes forwards, and ſometimes, as 
uncertain which way to go, becoming Stationary. 
Then (6.) there is the Inequality of Variation, by 
which the Moon every Month, when it is about 
the Conjunction and Oppoſition, mends its Pace 
ſomewhat, and about the Quadratures ſlackens it. 
And (6.) and laſtly, the Inequality of the Incli- 
nation of che Lunar Orbit to the Ecliptic. All 
which Things, as they are to be taken into the 
Account, ſo they are to be brought under ſome 
certain Rule by Equations; Otherwiſe we ſhall 
loſe our Labour in the Calculating the Motions 
of this Planet, and not be able- to find ont its 
Sms 9122 07 ghd en 
But to come to our Purpoſe, and to that diffi- 
cult Computation which' we undertake, accord- 
ing to Mr. Flamſteed's Correct Tables, which we 
ſhall ſubjoin at the End of our Worx. 
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Plat. i. BV the former Problem obtain both 
the True Place of the Sun, and the 
Mean Anomaly of the me, together with both 
Parts of the Eq uation elohgihg to them, and 
from thende tl <Abſolur Equarion. Without theſe 
you cannot {tir one Foot, in the Calculation, 
which you now take in hand. . Ready you ought 
to be in finding the Sun's Place, upon which 
the Lunar Inequalities do for the moſt Part de- 
pend ; nor is the Knowledge of the Sup's Ano⸗ 
maly leſs neceſſary : And as for 55 Equation of 
Time, which, i 1s neceſſary every-where, and here 
eſpecially, it will be your beſt way in the be- 
ans; of your. Work to Equate the Time, and 
ring the Apparent Time given unto the Mean: 
(All the Tables of the Mean Motions, being ac- 
commodated to the Mean Time.) 

Precep. 2. Out of the Tables of the Mean Mo- 
tions, take the Mean Place of the Radical Years, 
both of che Moon, and of the Apogee, and f 
the Nodes alſo ; and take out together with them 
the Mean Motions, as well of the Moon, as of 
the Apogee for, the Years that have paſs'd ſince 
the Radical Year, and for the Month, Day; 
Hours, and Minutes, both Firft and' Second; and 
gather all theſe together, with the Mean Motions 
of the Radical Year, (as before when we were 
treating of the Sun) into two Sums, one of the 
Moon's Motion ; of the Apogees the other. As 
for the Nodes, their Motion as to the cothpleat 

K 2 Years; 
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Years, Months, Days, &c. is to be written out 
as before; but foraſmuch as their Motion is con- 
- trary to the Motion of the reſt, or retrograde, 
the Numbers for thoſe compleat Years are not to 
be added to the Numbers for the Radical Year, 
but to be ſubſtracted from them, that fo you may 
have the Place F the [aſcending] Node for the 
Time given. ier REED 

Precep. 3. We being now from the Mean Mo- 
tion of the Moon, the Apogee, and. the Node, 
which by the foregoing Precept we have obtain'd, 
ro ſeek the True ; and the Sun's Mean Anomaly 
being alſo given; We are out of the Table of 
Phyſical Parts to write out the Numbers anſwering 
to that Anomaly ; and if that Anomaly be les 
than ſix Signs, to add thoſe Numbers to the Moon's 
Mean: Motion ; but if the ſaid Anomaly exceed 
ſix Signs, to ſubſtract ic out of the ſaid Mean 
Motion: And thus we ſhall obtain the Aon; 
Mean Place corrected. e en Ot 

Precep. 4. Then we muſt ſubſtract the Mean 
Motion of the Apogee out of the True Place of 
the Sun; and we ſhall have for the Remainder 
that which is called the Annual Argument: which 
being given, out of the Table of the Equations of 
the Apogee, write out the Equation which agrees 
to that Argument: And thus, after you have, ac- 
cording to the Direction of the Title, either ſub- 
ſtracted the ſame Equation out of the Mean Mo- 
tion of the Apogee, or added it thereto, you wil 
in the latter Caſe by the Sum, or in the former 
by the Difference, have the True Place of the Apagee 


for the Time given. 3 
Precep. 5. Then out of the Table laſt mentio- 


ned take out alſo the True Eccentricity of the 


Lunar Orbit for your Given Time, by the Mer 
IE 0 
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of the ſame Annual Argument. Which Eccen- 


tricity, if it be leſs than the Mean Eccentricity, 
ſubſtract ic out of the Mean; but if it exceed the 
Mean, ſubſtract the Mean out of it, that you 
may have at hand, through the reſt of your Work, 
the Difference betwixt the Mean Eccentricity, 
and the other. : 

Precep. 6. Then, to come yet nearer unto the 
Moon's True Place, ſubſtract the True Place of 
the Apogee out of the Corrected Mean Motion of 
the Moon, and mark the remaining Numbers ; 
which do ſhew you the Moon's Mean Anomaly : 
Which having obtain'd, go with them to the Ta- 
ble of the Equations of the Center of the Moon ; 
and out of the ſame, working by Proportion 
where the Caſe requires it, write down two E- 
quations, to wit, that which anſwers to the 
Mean Eccentricity ; and that which anſwers to 
the greateſt of all, if the Eccentricity which you 
found juſt before be greater than the Mean; but 
if leſſer, that which anſwers to the leaſt ; and 
wich equal Care and Exactneſs write down the 
Difference of theſe two Equations, ſubſtracting 
the Leſſer from the Greater. Which being thus 
done, work by the Golden Rule, for the finding 
out Proportional Parts; and fay, As is the Diffe- 
rence betwixt the greateſt or the leaſt Eccencri- 
city and the Mean, to the Difference of the two 
Equations, which was juſt now defin'd; ſo is the 
Difference betwixt the Mean Eccentricity and the 
True, (that is, that which is for the Time given,) 
to the Proportional Parts which are ſought. And 
now the Proportional Parts being ar length given, 
if, according to the Exigence of the Caſe, you 
add them to the Mean Equation, or ſubſtract 
them from it, by the Sum or the Difference you 

K 3 will 
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will have the True Equation of the Lunar Orbit, 


which is to be added ro the Moon's mean Place 


correct, or taken away from the ſame, as the Ti- 


tle ſhall diret you. And thus at length you 


have obtain'd the Place of the Moon Equated. Nei- 
ther yet have we with all this ado gain'd the 
Place of the Moon correct, although we ſet aſide 
the Conſideration of her Latitude ; but that Place 
of it, and no more, which was to be fix'd upon, 
if there were no ſuch thing as Reflection or Va- 
riation. To which thing therefore, which was not 
fo much as heard of amongſt the Old Aſtrono- 
mers, we now proceed. 

Precep. 5. If from the Moon's Equated Place, 
which after ſo much Labour we have at length 
obtain'd, you ſhall ſubſtra& the True Place of 
the Sun, the Difference which remains will be 


the Diſance of the Moon from the Sun, although not 


every whit perfect. Out of the Table of Varia- 
tion therefore write down the Numbers agreeing 
to this Difference or Diſtance; and in theſe 


Numbers you have the true Quantity of the Va- 


riation, which is as it were the laſt and conſum- 
matory Equation. And when, following the Di- 
rection of the Title, you have either added this 
Equation to the Moon's Place Equated, or ſub- 
{tracted it from thence by the Sum or Difference 
of the Numbers, you will attain at length what 
we have been long ſeeking, the Tue Place of toe 
Moon in her own Orbit. Which having obtain d, 
the next Thing is to find out her True Place in 
relation to the Ecliptic, both as to Longitude and 
Latitude. For although there is not any one o 
the Orbits of the Primary Planets, whoſe Plane 
coincides wich the Orbit of another Primary one; 


nor is the Plane of the Earth's Orbit to be rec- 
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kon'd to excel in Digniry the Plane of any of the 
other Planets ; yet becauſe the Plane of the E- 
cliptic is that wherein we are, we are wont to 
reduce the other Planes unto this, as to a certain 
standard; and may well be allowd to do the 
ſame when we treat of the Moon, which is the 
Attendant of the Earth; but is mov'd about the 
Earth in an Orbit, the Plane whereof is very di- 
verſe from that of the Ecliptic, as well as the 
Planes of the reſt of the Planets are, as hath been 
ſaid. Proceeding now therefore unto the Place 
of the Moon in the Ecliptic, or with reference 
to it. We note by the way, that her Place in the 
Ecliptic is defign'd by that Point where a Right 
Line, conceiv'd to be let down from the Center 
of the Moon, Perpendicular to the Ecliptic, In- 
terſects the Plane of the Ecliptic; Or by that 
Angle at the Earth which is comprehended be- 
ewixt a Right Line drawn from the Earth unto 
the beginning of Aries; and that Right Line, 
which being drawn from the ſame Place, paſſeth 
through the Point aforeſaid. The Arch which 
ſubtends this we call the Moon's Longitude in the 
Ecliptic, like as the Thing is in the Sun, and the 
reſt of the Planets. But as for the Moon's Latitude, 
we compute it from the Nodes, the Northern and 
Southern, and according to the Declination of the 
Moon from the Ecliptic to the North or South. 
Which Things premis'd, we go forward unto 
Precep. 8. Subſtract that mean Place of the 
Node, which we found at the Firſt, from the 
True Place of the Sun; and by the Remainder 
you will have the Diſtance of the Sun from the Node. 
Which Diſtance given, take out of the Table cf 
the Equations of the Node, an Equation agrecing 
to that Diſtance ; which Equation being added 
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to the Mean Motion of the Node, or ſubſtracted 
from it, according as the Title ſhall direct you, 
will ſhew you the True Place of the Node for the 
Time given. But becauſe not only the Equation 
of the Node, but alſo the Inc/ination of the Mutable 
Limit, or of the Plane of the Moon's Orbit, is 
Proportional to the ſaid Diſtance ; Write down 
out of the ſame Table the Numbers exceeding 
the Inclination, which is leaſt of all, to wit, that 
of five Degrees; which Numbers you have ex- 
_ preſsd rhere in their proper Column, and you 

will have occaſion for by and by: And thus ha- 
ving, obtain'd the True Place of the Node, and 
the Equation of the Limit, you will be the better 
prepar'd for attaining the Longitude and Latitude 
for.the Time given afterward. 

Precep. 9. From the True Place of the Moon 
in her Own Orbit, which was determin'd above, 
ſubſtract the True Place of the Node, which you 
have juſt now found ; the Remaining Numbers 
will ſhew the Argument of Latitude, as it is called. 
The Numbers of Reduction and Exceſs agreeing 
to which Argument, take out of the Table of 
Reduction and Exceſs, Which being given, 
Work by the Rule of Proportion thus: As the 
greateſt Increaſe of the Limit in ficſt Minutes a- 
bove five Degrees, is to the given Exceſs ; ſo 1s 
our preſent Increaſe of the Inclination of the 
Limit, to the Proportional Parts which are ſought. 
Now the Proportional Parts thus found, being 
added ro the Simple Reduction, will give the 
True and Entire Reduction ; which Reduction 
if it be, like a Certain Equation, added to the 
Place of the Moon in her own Orbit, or taken 
therefrom, either the one or the other, as the Th 
} 82 le 
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de ſhall direct, will determine the Moon's True 
Longitude, or True Place in the Ecliptic. 2&0 

Precep. 10. Having now found the true Longi- 
tude, let us proceed to the Latitude, Our of the 
Table therefore of the Moon's Latitude, which 
comprehends not only her Simple Latitude it ſelf, 
ſuppoſing the leaſt Inclination of the Orbit to be 
of five Degrees only, but alſo the Proportional 
Parts to be added thereto, where or when it ex- 
ceeds that by almoſt a Third Part of a Degree: 
Out of this Table, I ſay, take the Simple Lati- 
tude, which anſwers to the Argument of Latitude 
which you lately found: Take alſo the addititi- 
ous Parts which agree to the greateſt Elongation 
of 5 Degrees and 18 Minutes. From which thus 
given Reaſon thus. As the greateſt Increaſe in 
Minutes, is to your Increaſe; ſo is the Exceſs 
of the Inclination of the Orbit above the leaſt- 
| Inclination, which was before given, to the Pro- 
portional Parts which are ſought. Which Pro- 

portional Parts, when added to the Simple Lati- 
| tude, ſhew the Moon's True Latitude, or Declina- 
| tion from the Ecliptic. 


And let this ſuffice for finding out the Moon's 
Place, as well in her own Orbit, as with reference 

to the Ecliptic, both as to Longitude and Lati- 
J tude; ſo far at leaſt as the Place of this Planet 
can be defin'd by Horrox's Hypotheſis, and with- 
cout an Inveſtigation of the True Cauſes of the 
4 Motions. But foraſmuch as ſeveral other things 
ue wont to be ſought for in the Theory of the 
1 W Moon, ſuch as the Quantity of the Horizontal Pa- 
- ralax of this Planet at every Given Time, its Ap- 
1 parent Semi-diameter, and the True Horary Motion 
n both Conjunctions and Oppoſitions, Things 
8 which are neceſſary in an eſpecial manner for 
8 defining 
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defining and meaſuring Eclipſes: We think it 
expedient to reduce theſe alſo to Calculation; 
that we may come better prepared unto the ac. 
curate Deſignation: of the Eclipſes both of the 
Sun and Moon, which are indeed the moſt 
noble Problems of Aſtronomical Calculati. 
ons. 51 

Precep. 11. As for the True Horary Motion in ei- 
ther the Conjunctions or Oppoſitions, in the 
Table of the Horary Motions mark the Numbers 
agreeing to the Moon's Mean Anomaly, both 
when the Eccentricity of the Orbit is the greateſt 
of all, and the leaſt ; (to both which Mr. Flam- 


feed hath accommodated that Table,) and write 


down thoſe Numbers, obſerving alſo their Diffe- 
rence. Then ſeek the True Eccentricity of the 
Orbit in the very Moment of the Conjuncti— 
on or Oppoſition, according to the Direction 
of the 6th Precept; And note carefully the Dif- 
ference betwixt your preſent Eccentricity, and 
that which is the leaſt of all. Which done, work 
by the Golden Rule, ſaying; What Proportion 
the Difference of the Two Eccentricities, the leaſt 
and the greateſt, hath to the Difference of the 
Horary Motions already found, the ſame hath 
the Difference betwixt the preſent Eccentricity 
and that which 1s the leaſt of all, to the Propor- 
tional Parts. Which Proportional Parts being 
thus found, and being added to the Horary Mo- 
tion, which agrees to the leaſt Eccentricity, (that 


is, if it be leſs than the Horary Motion which a- 


grees to the greater Eccentricity, but otherwiſe 
they are to be ſubſtracted from it;) you will have 
obtain'd the True Horary Motion of the Moon, 
( conſidered with reſpect to the Ecliptic ) in the 


Moment both of Conjunction and of 9 
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And then if you ſubſtract from thence the Horary 
Motion of the Sun, which is noted in the ſame 
Place, the Horary Motion of the Moon from the 
Fun will be had alſo. And now, ſince you muſt 
work in the ſame manner for finding the Hort- 
zontal Parallaxes of the Moon, and her apparent 
Diameters ; and that the way of finding the Ho- 
rary Motion being known, the way of Defining 
the Parallaxes and Diameters is known withal; 
I ſhall ſay, nothing more particularly of theſe 
Matters. | gy 
And thus at length we have, by Precepts fol- 
lowing . one another in Order, diſpatched the 
Lunar Calculation, as to the Rules and Ways of 
Working, how perplex d and intricate ſoever it is, 
It remains only that we Illuſtrate the Precepts 
by one Example or two ; without which, ſcarce 
any Rules of Practice whatſoever can be through- 
ly underſtood, much leſs can be ready for Uſe: 
Peck Examples you have at the End of the 
Book. 
And now for a Concluſion of all, upon Occa- 
ſion of the Intricateneſs of this Calculation, I 
ſhall endeavour to open the True Cauſes of theſe 
Difficulties, and to ſhew in a few Words how it 
comes to paſs, that we were not able to deſign the 
True Place of the Moon, even ſuch as we have 
here given, which is indeed imperfe&, without 
ſo great Labour. Now the Cauſes of this Diffi- 
culty may be fitly reduc'd unto theſe three Heads: 
(I.) The late Invention of the Elliptical Hypo- 
theſis of its Orbit. (2.) That the Perpetually 
mutable State of the ſame Orbit has been ſo late- 
ly found out. (3.) Cauſes of Mutations ſcarce 
known as yet; certainly not reduc'd hitherto un- 
to a Mathematical Accuracy, as 
I, 
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(..) As for the Elliptic Hypotheſis it ſelf, which 
has been ſo lately found out and demonſtrated: 
All the Aſtronomers before Kepler never ſo much 
_ as dream'd of any other than Circles and Circu- 
lar Motions; and it is no wonder, that by forcing, 
as it were, this fort of Motion upon the Heavens, 
they could not exactly Calculate the Celeſtial 
"Motions : Neither are we to this day very expert 
in this Matter, by Reaſon that we cannot manage 
Elliptical Motions ſo well as we can do Circular; 
nor can we accurately define any unmoveable 
Point, which is the Center of the Mean Motion. 
( 2.) The Perpetually mutable State of the Or- 
bit hath not yet been throughly underſtood, 
'Every Aſtronomer thought that there was no- 
thing to be done, but to aſſign the Orbit of every 
Planet, and ſuit thoſe Motions of the Planet in 
the Orbit às would ſuffice to the Solving the pre- 
ſent Phænomena, being in the mean while igno- 
rant of the perpetual Change of the State of that 
Orbit; which, for the moſt part ariſeth from the 
diverſe Diſtance and Poſition of the Sun. As for 
Inſtance : The moſt Famous Sir Iſaac Newton, to 
whoſe Philoſophy alone we owe the Knowledge 
of the ſaid Cauſe, obſerves, That the Errors which 
are chiefly to be conſidered in the Lunar Theory, 
will be varied or alter'd by Degrees in a Tripli- 
cate Proportion of the Sun's Diameter. No won- 
der therefore, if in an Hypotheſis which prece- 
ded this Philoſophy, they could not ſo rightly 
define the Mutations themſelves, the Caules of 
thoſe Mutations being wholly unknown. 

(3.) To what hath been ſaid, this is alſo to be 
added, That the exact Knowledge of the Lunar 
Orbit, and accurate Computation of the Morions 


of the Planet, is even unto this day, amongſt the 
vile Deſiderata 
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Deſderata in Aſtronomy. The very Sagacious 
dir aac: Newtcn, from his Skill in theſe 

things, which is indeed Wonderful, hath, ſince 
the making theſe Tables, diſcover'd the True Cau- 


ſes of the Lunar Inequalitie?; he hath; alſo, by 


way of Specimen, happily ſhew'd how.,moſt,.of, 
chem may be Calculated. But an Entire Theo- 
ry of this Planet, 4 pricri, even 8 
yer been able to accompliſh; and 105, hat he has 
accompliſh'd, no Tables have been yet made For 
which Reaſon we content our ſelves at pr 

with Horrox's Hypotheſis, being ready to embrace 
hat is more perfect, as ſoon as we ſhall be ſo 
happy as to attain unto it. 
Octob. 27. 1701. 774 
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TT next Thing we have to undertake is.the 
Doctrine of Eclipſes ; to which it is neceſ- 
ſary to premiſe ſome Lemmata, or Preparatory 
Propoſitions. _ oy EE a, oe 
Lemma (I.) The, Moon is a Body wholly O- 
pake , and can neither tranſmit nor emit any 
Light at all. For how comes it that the Moon 
can intercept and wholly ſtop the Rays of the 
Sun that they ſhould nor reach to us, as is done 
always in the Interpoſition of this Planet betwixt 


the Sun and the Earth, but that it is wholly void 


of all Tranſparency ? And how comes it that the 
Moon appears depriv'd almoſt of all Light, fo far 
as the Solar Rays are intercepted and ſtopp'd, 
that they cannot reach unto it, and be from 

thence 
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thence reflected to us, as is manifeſt in Eclipſes 
both Solar and Lunar, and at other Times; but 
that this Planer ſhines with a Light that is not its 
own; aid which is only borrowed? As for that 
certain obſcure Light, which in Eclipſes and at 
other times the Moon appears to have in that Part 
of it which is turn'd or hidden from the Sun, 
we accounted for this before, without aſcribing 
any thing at all of Native Light to it; To 
which Trefer you. In a Word ; that the Moon 
ſhines with only a borrowed Light, is what is the 
<a it were of the Doctrine of Eclip- 
Lemma {2.) The Bodies of the Moon and the 
Earth are far leſs than that of the: Sun. This all 
acknowledge; and the Thing is manifeſt from 
the Sun's. apparent Diameter, which is half. a 
Degree; compar d with what the apparent Dia- 
meters of the Earth and the Moon would be as 
ſeen from the Sun; whereof one would be of 
about one Third Part of a Minute only, but tliat 
of the Moon, almoſt four times ſo,ſmall. 
Lemma (3.) The Figure of the Sado w of the 
Moon from the Sun, 48 likewife the Figure of 
the Earth's Shadow from the ſame Luminary, is 
altogether Conical, and ends in a Point. This 
appears from Eclipſes both Solar and Lunar; and 
is a neceſſary Conſectary of the foregoing Pro- 
ſition, as is manifeſt 'to any one that doth but 
ightly conſider the Matter: For it muſt needs be 
Conical when the Bodies of the Earth and Sun 
are of a Spherical Figure, but Unequal Magni- 
tude; and the Shadow muſt neceſſarily end in 
the Point. of the Cone, when the Earth is leſs 
than the Sun. And the ſame Thing is alſo 1 be 
enen 100” 77 | al 
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faid of the Shadows of the Atmoſpheres of both 
the Earth and the Moon. Fee 
Lemma (g.) Therefore the Eclipſes both of the 
Moon and of che Earth ręſpect themſelves alone, 
and reach not unto any gf the reſt of the Planets ; 
for both from the Vaſtneſs of the Magnitude 


8 


the Sun, when compar'd, with that of the Earth, 
which is very ſmall, and nothing as it were in 
compariſon of the othef, and by the common 
Obſervations of what Eclipſes do happen in the 
Heavens; it is, manifeſt that the Point of thu 
Cone of the Shadows, both of the Earth and th 
Moon, end far on this fide the Spheres of the rej 
of the Planets, and that no other Planets are in 
any wiſe touch'd or affected by them. : 


Lemma (F.) If the Lunar Orbit coincided with 
the Ecliptic, every Lunation would exhibit two 
Eclipſes, one of the Sun, the other of the Moon; 
the former at the New- Moon; the other at the 
Full- Moon. So that there would be no New- 
Moon nor Full without an Eclipſe ; yea, not on- 
ly ſo, but theſe Eclipſes would be both of them 
Total and Central: The Lunar Total alſo, with 
reference to all thoſe by whom it is ſeen, as be- 
ing the ſame every-where, and through all the 
Climes of the Earth ; and that of the Sun Total, 
in it ſelf, with reſpect to thoſe Regions of the 
Farth that are directly under the Sun and Moon 
in the Mement of the Eclipſe. In a word; In 
the foreſaid Pofition of the Lunar Orbit, with 
reſpe& wo the Ecliptic, the ſame Numbers which 
would have ſhew'd the True Conjunctions and 
. would have ſhew'd the Eclipſes 
07 5 | 
Lemma (6.) But ſeeing the Lunar Orbit is not 
poſited in that manner with reſpe& to the Eclip- ö 
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tic, but is inclin'd to it, and cuts it in an An 

of five Degrees, when the Angle of the Tf 
nation is the leaſt ; it is manifeſt that there can 
be no Eclipſes but at thoſe Ne Full- Moons, 
which fall when the Moon is If or about the 
Nodes, or Places of Interſection; which happen- 
ing commonly twice in every Lunation, it 55 
to be acknowlede'd, that notwithſtanding the 
Obliquity of the Moon's Orbit, in every Syno- 
dical Month we ſhould have an Eclipſe of each 
Luminary, if the Sun chang'd not his Place in 
the Ecliptic, but ſtayed ever about the Nodes, 
Which is a Thing not to be ſuppos'd. But on the 


- 


. 1 - 


contrary, | | 
Lemm (7.) From the Annual Motion of the 
Sun, taken in conjunction with the Diverſity of 
Lunar Orbit from the Ecliptic, it is manifeſt, 
that there cannot be an Eclipſe at every New- 
Moon or Full-Moon; and theſe Defects of the 
Luminaries can only happen at ſome times of the 
Year, to wit, when the True Conjunctions or 
Oppoſitions are found about the Nodes; which 
comes not to paſs every Month, but at ſome 
times in the Year only. . 

Lemma (8.). Therefore within the Space of one 
Year, there happen for the moſt part Four Eclip- 
ſes of the Luminaries ; Two of the Sun, and 4 
many of the Moon. For ſeeing the Sun in i 
Yearly Courſe ſtays for many Days together 
about the Northern Node, and about half a Yea: 
after ſtays about as many Days from the Sou- 
tbern Node: It can ſcarce happen but that at 
both the Acceſſes of the Sun to the Nodes, the 
Moon will be found in both the Conjunction and 
Oppoſition ; from whence this Planet will both 


hide the Sun from us, and the Earth will by 
Ty t 
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the Sun from it. Nor do J in this Place intend 
any other Eclipſes but what are notable, and 
come near to the Total in ſome Place of the 
Earth or other: For I well know, that, as for 
Eclipſes which are ſmall, and not to be regarded, 
more of theſe than Four both may, and frequent- 
ly muſt fall out in a Year's S page, 

Lemma (10. There is this Mference betwixt 
a Solar and Lunar Eclipſe, that a Lunar is alto- 
gether the ſame, whenceſoever it is ſeen ; being 
nothing at all chang'd by the diverſe Poſition 
of Places upon the Surface ; but in a Solar Eclipſe 
it is otherwiſe ; for in the Lunar Eclipſe there 
being a true Loſs of Light in the Moon, it is no 
Matter from what Place of the Earth it is ſeen, 
whether from the Equator, or one of the Poles : 
it will {till be the ſame; the Beginning, Duration 
and Quantity of it depending upon the Things 
themſelves, and not upon the Situation of Men 
on the Earth : But in the Solar Eclipſe, there 
being no true Loſs of Light in the Sun, and no 
more than an Interruption of his Light by the 
Interpoſition of the Moon, it will neceſſarily be 
different according to the different Poſition of the 
Obſerver; ſo that while in one Region of the 
Earth, that, to wit, which hath the Cenrer of the 
Moon directly interpos'd betwixt ir ſelf and the 
Center of the Sun, it is a Tora! Eclipſe; it will 
be a Partial One only in the Lateral Regions 5 
yea, and in Places ſufficiently remote, there will 
be no Eclipſe at all, but the Sun will be ſeen all 
the while; as is manifeſt to every one that conſi- 
ders the Matter. And upon this Occaſion it falls 
in our way to note the Ule of Lunar Eclipſes in 
Geography and Navigation for the Diſcovering 
the Longitude of Places; that which is ſo known 


. a Pro- 


146 Aftronomical Lectures. 


a Problem, and the Solution whereof is ſo much 
deſir d. For ſeeing unto any Aſtronomical Solution 
of it, there is requir'd ſome Celeſtial Phænomenon, 
which is the ſame at the ſame Point of abſolute 
Time in diverſe Places of the Earth; that thoſe who 
behold may ſee it under divers Meridians on this 
Side anq on that, may, by referring it to the divers 
Hours which have paſs'd from Noon to the one 
and to the other, and from the Difference which 
is betwixt them, collect and determine a Propor- 
tionate Difference of Longitudes : It is manifeſt, 
that the foreſaid Difference of Eclipſes, Solar and 
Lunar, muſt infer a Difference of them as to Uſe 
and Serviceableneſs, for the Geographer's and 
Sailor's Purpoſe; and that the Solar Eclipſes, 
which are only reſpective, cannot be of ſuch eaſy 
Uſe in the preſent Buſineſs ; but that the Eclipſes 
of the Moon which are abſolute, and which are 
in the ſame Point of abſolute Time, and ſeen alike 
and the ſame by all Beholders, plac'd at what In- 
terval ſoever from each other, do better come up 
unto,and in ſome meaſure at leaſt anſwer the ſaid 

Intention. But this by the way. | 
Lemma (11.) There are in the whole more 
Eclipſes of the Sun than of the Moon ; altho' 
more Eclipſes of the Moon than of the Sun hap- 
pen in any particular Place whatſoever, For ſee- 
ing the Diſcus, or greateſt Circle of the Earth is 
conſiderably greater than the Diſcus of the Sha- 
dow of the Earth, beheld at the Diſtance of the 
Moon; It is neceſſary that the larger Penumbra 
of the Moon, ſhould more frequently fall upon 
the broader Diſcus of the Earth, and ſo cauſe 2 
Solar Eclipſe ; than that the Leſſer Moon it ſelf 
ſhould fall into the Diſcu of the Earth's Shadow, 
which is narrower, as happens in the Lunar 
| Eclipſe. 
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Eclipſe. And thus it muſt needs be, that 
in the whole there ſhould be more Solar Eclipſes 
than Lunar. Bur then, ſeeing the Eclipſes of the 
Moon, whereſoever the Moon is viſtble above the 
Horizon of any Place, are all ſeen in that Place; 
but in Eclipſes of the Sun, the Eclipſe may be ſeen 
in one Place, when yet it is not ſeen in another, 
although the Sun be at that very time above the 
Horizon : The Second Part of the Propoſition 
is from hence manifeſt, and that, as to particular 
Places, Eclipſes of the Moon are more frequent 
than thoſe of the Sun. 

Lemma (12.) A Total Ecliple of the Sun is 
very rare; for if we reſpe& ſome particular Place, 
ſcarce two or three ſuch Eclipſes are to be ob- 
ſerv'd in the Compaſs of a whole Age. For, be- 
ſides that the Point of the Moon's Shadow reaches 


but a little beyond the Earth, and ſometimes does 


not reach unto it at all ; the apparent Diameter 
of the Moon doth ſo very little exceed the appa- 
rent Diameter of the Sun, that unleſs it be ig 
Central Eclipſes, which are very rare and un- 
uſual, the Moon cannot wholly cover and 
hide the Body of the Sun from us: Neither in- 
deed doth a Central Ecliple always infer a To- 
tal One, ſeeing it may happen, that becauſe 
of the Sun's being plac'd near its Perige- 
um, and the Moon near its Apogeum, the appa- 
rent Diameter of the Sun will at that time a little 
exceed that of the Moon; and the Eclipſe con- 
ſequently will become Annular; and there will 
be left in the very midſt of the Eclipſe a Cir- 
cular Border of the Sun, while the reſt of his 
Body is covered. 


L 2 | Lemma 
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Lemma (13. ) The Moon is never obſcur'd by 
the Shadow of the Earth itſelf, but by the Earth's 
Atmoſphere. This Propoſition, which we have 
before noted by the way, was wholly unknown 
to the Ancients ; but is thus proved. The Rays 
of Light, which paſs through the Atmoſphere 
next to the Earth, enter the Atmoſphere, and 
from thence go out again. But whilſt they paſs 
out of the Ether into the Atmoſphere, that is, 
out of a rare Medium into a groſſer One, they 
muſt neceſſarily, according to the known Laws 
of Refraction, incline to the Perpendicular Ray; 
and when they paſs out of the Atmoſphere into 
the Ether again, they muſt recede from the Per- 
pendicular ; but both in one Cale and the other, 
they muſt incline towards the ſame Part, ar to- 
wards the Axis ( by reaſon of the Change of the 
Perpendicular; ) Which double Refraction com- 
puted, it appears that the Solar Rays which paſs 
next to the Surface of the Earth, are ſo bent, 
that they meet together in a Point long before 
they reach the Diſtance of the Moon. From 
whence it is manifeſt, that the entire Shadow of 
the Earth it ſelf cannot in any wiſe involve the 
Moon in it. But then, thoſe Rays which pals 
through the Upper Parts of the Atmoſphere ; 
| ſeeing they are ſubjeq; to leſs Refraction, will not 
ſo ſoon meet together in a Point, but they will 
have paſs'd far beyond the Moon firſt. And thus 
it is that the Eclipſe of the Moon is caus'd : In 
which conſequently the Moon is not render'd 
wholly inviſible, but only of a darkiſh Hue : the 
Terreſtrial Atmoſphere bringing that kind of Ob- 
ſcurity ; whilſt on the one hand it deadens and 
wholly ſtops the greateſt Part of the Solar Rays; 
and on the other, tinges the reſt with a black 
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direful Colour ; Like as daily Obſervation ſhews 
it to Happen in ſome Meaſure in the Riſihg and 
Setting of the Sun and Moon. 

Lemma (14.) In Lunar Eclipſes we have not 
much to do, neither with Parallaxes or Refracti- 
ons ; but in Solar, very great Regard is to be had 
to Parallaxes, but none to Refractions. For the 
Shadow of the Earth in the Place of the Moon's 
Tranſit, is the very fame as to the Matter of Re- 


fraction and Parallax, that the Moon it ſelf is; 


and conſequently cauſes no Difference in the 
Calculation. In like manner in Solar Eclipſes, 
the Refraction of the Light of the Sun and Moon, 
which are then at the ſame Elevation above the 
Horizon, is one and the ſame, according to the 
beſt Obſervations, as if thoſe two Luminaries 
were equally diſtanc. But in the Buſineſs of Pa- 
rallax the Thing is much otherwiſe. For the Sun's 
Parallax, whether Horizontal, or in any Degree 
of Elevation whatſoever, is far leſs than the 
Moon's ; and conſequently in Solar Eclipſes is to 
be accurately and diftinaly obſerv'd. 

Lemma (15.) The Middle Time of Eclipſes is 
not the very Moment of the New or Full-Moon, 
but juſt by that Place where a Perpendicular Linc 
let down from the Center, whether of the dun, 
or of the Shadow of the Earth to the Orbit of 
the Moon, Interſects the ſame Orbit. For ſeeing 
the Lunar Orbit cuts the Ecliptic in an Angle 
of five Degrees, at the leaſt ; and by the general 
Conſent of Aſtronomers, the preciſe Time of the 
New and Full-Moon is to be reckon'd in a Plane 
Perpendicular, not to the Lunar Orbit, but to 
the Ecliptic ; It cannot be, that the neareſt Ap- 
proximation of Centers, which is the very Mid- 
dle Moment of the Eclipſes, ſhould fall in the 

1 '9 New- 
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New. Moons or Full-Moons themſelves, but a 
little before or after, according to the Moon's 
Latitude at that time, and the Poſition of the 
Nodes: But whereas I ſaid that the Place of the 
Middle Moment of Eclipſes is hard by, where a 
Perpendicular Line from the Center of the Sun 
cuts the Lunar Orbit, implying that it is not ex- 
actly there; (at which limitation Aſtronomers I 
know very well will be apt to wonder, eſpeciully 
when'a Lunar Eclipſe is here comprehended : 
For 'as for the Solar, that the Buſineſs of 
Parallax, which 15 Mutable and Lubricous, may 
be apt to occaſion ſome ſmall Error, none will 
deny :) The Reaſon of the ſaid Limitation is this: 
Where a moving Point paſſeth by an unmov'd 
one, their neareſt Approach is in a Plane, which 
is Perpendicular to the Plane of the Moveable 
Point ; but if both Points be mov'd, and that with 
unequal Velocity, the neareſt Approach then will 
be not in a Plane which is Perpendicular to that 
of the ſwifter Point, much leſs which is Perpen- 
Picular to the Plane of the flower, but in a Plane 
which is betwixt them, and which approaches fo 
much the nearer to the Perpendicular Plane of 
the ſwifter Point, by how much that Point ex- 
ceeds the other in Swiftneſs. As for Example : 
Let the Monthly Angular Velocity of the Moon 
be thirteen Times greater than the Sun's : In this 
Caſe, I ſay, that the neareſt Diſtance of the Cen- 
ters is neither in a Perpendicular Line, which falls 
from the Moon's Center to the Ecliptic, nor in a 
Pependicular Line to the Lunar Orbit, which is 
let down from the Center of the Sun; but in a 
certain Intermediate Line, which indeed comes 
nearer to the Perpendicular to the Lunar Orbit, 
than to the Perpendicular to the Solar Orbit, by 

thirteen 
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thirteen Times. But to make the Thing plain to 
all. If the Sun were mov'd in the Ecliptic, in 
the mean while, that the Moon reſted in its own 
Orbit, the Middle Moment of Eclipſes would be 
in a Plane Perpendicular to the Ecliptic; If the 
Moon were mov'd in her Orbit, the Sun being 
unmov'd in its, then the ſaid Moment would be 
ina Plane Perpendicular to the Lunar Orbit ; But 
if both the Sun and the Moon be mov d, but with 
unequal Velocity, then the Middle Moment muſt 
partake of both Conditions ; and conſequently be 
in ſome Plane which is interpos'd betwixt the 
two former , and this in ſuch Proportion as was 
defin'd above. And thus we have eſtabliſh'd our 
Propoſition, together with its Limitation. Which 
Obſervation concerning the Limitation, altho' by 
reaſon of the Smallneſs of the Difference, it need 
not to be regarded in theſe Eclipſes; yet, becauſe 
it may be ſometimes of uſe in comparing other 
Celeſtial Phænomena's, Conjunctions, Oppoſiti- 
ons, & c. I reckon'd that it ought not to be wholly 
paſs'd over in Silence. | 

(15.) The Deſigning and Calculating of a So- 
lar Eclipſe, is much more difficult than that of a 
Lunar one. The Reaſon is, becauſe in a Solar 
Eclipſe there is ſo great Difference betwixt the 
Parallaxes of the Sun and Moon; and they are 
ſo much changed according to the greater or leſs 
Elevation of the Luminaries above the Horizon; 
nay, which is the greateſt Inconvenience, in the 
whole Time of the Eclipſe they are changeable, 
and perpetually varied. Beſides, the Poſition of 
the Ecliptic, with reſpect to the Horizon, which 
is diverſe in divers Places, and perpetually vary- 
ing, muſt needs introduce every-where no {mall 
Inequality in the Places of the Luminaries, con- 
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ſider'd whether with reſpect to Longitude or La- 
titude. From which Anomalies of Appearances 
we being free in Lunar Eclipſes, as we have no- 
ted before, the Calculation of Lunar Eclipſes, 
muſt neceſſarily be perform'd with more Exact 
neſs and Facility. Wherefore having now diſ- 
parch'd our Preparatory Lemmata, and being now 


about to proceed to the Calculation it ſelf, we 


ſhall obſerve that Order which Nature teaches us, 
namely from the more eaſy Things to go forward 
unto the more difficult, and accordingly take in 
hand the Lunar Eclipſe firſt. * 


Novemb. 3. 1701. 


LECT, Xin. 


Prop, II. 


To find the Time both of the Mean and True 
Cynjunction and Oppoſition. 


Ake out of the Table of the Mean 
1 Motions of the Moon from the 
Sun, the Numbers aſcribed to the Radical Year, 
the Compleat Years from thence, and rhe begin- 
ning of the given Month ; and having gather'd 
them all into one Sum, ſubſtract that Sum our of 
the whole Circle, or twelve Signs ; the remain- 
ing Numbers of themſelves, if the Conjun&ion 
be that which you ſeek ; and the ſame increas'd by 
fix Signs, if che Oppoſition be fought, wean 
aa turn 


Precept. ; 
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turn'd into Time, give the Mean Moment of the 
Conjunction or Oppoſition. To wit, if firſt a- 
mongſt the Mean Motions belonging to Days 
you lubſtract the Number, which is the next Leſs 
to the given One out of the given One; and then 
ſeeking the remainder amongſt the Mean Moti- 
ons belonging to Hours, you do as you did be- 
fore ; that is, take out the next Leſs to the 
ſaid Remainder, and ſubſtract it out of the Re- 
mainder. And afterwards, if you ſeek the laſt 
Remainder amongſt the Mean Motions belong- 
ing to firſt Minutes, and writing out the next 
Leſs to the ſame, you take this next Leſs in like 
manner out of the Remainder; And then, laſtly, 
if ſeeking the laſt Remainder amongſt the Mean 
Motions belonging to Secondary Minutes, you 
write out the Seconds belonging to the ſame: If 
you do thus, that Day, with the Hours, and Mi- 
nutes, both firſt and ſecond, will ſhew the exact 
Mean Time of the Mean Conjunction or Oppo- 
firion ; i. e. if the Year be not Biſſextile: But if 
it be, the Day next Leſs to the given One, with 
the Hours and Scruples which you have found 
before, will give that Mean Time which was re- 
quired. Now the Mean or Even Time given, 
the Times whether Mean or True of the True 
Conjunction or Oppoſition, are found by the fol- 
lowing Precepts. 

Precep. 2. Seek out the Longitude of the Sun 
in the Ecliptic, and of the Moon in her Orbit; 
according to the Direction of the Two foregoing 
Problems. If the Places of theſe two Lumina- 
ies agree in Longitude, ſo that they are deſign'd 
by the very ſamg,Numbers ; (which happens very 
nrely ;) or if their Places be diametrically oppo- 


ſte to each other, then the Conjunction or Op- 


poſſtion 
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poſition, both Mean and True, will happen at 
the very ſame Time. But if, as it commonly 
happens, the Longitude of the Moon be greater 
or leſſer than that of the Sun, mark the Differ- 
ence; for out of the Difference, turn'd into 
Time, you will obtain the True Conjunction or 
Oppoſition in this manner. 

Precep. 3. Take out of the Proper Table the 
Sun's True Horary Motion, belonging to the 
Mean Anomaly before obtain'd ; and likewiſe the 
Moon's True Horary Motion, belonging to its 
Mean Anomaly ; and ſubſtracting the Sun's Ho- 
rary Motion out of the Moon's, you will have 
in the Remaining Numbers the Moon's Horary 
Motion from the Sun, that is, that which is per- 
form'd in the Space of one Hour. Then work 
by the Golden Rule, ſaying ; As the Motion of 
one Hour, is to an Hour, or Sixty Minutes of 
Time; ſo is the Difference of Longitudes, or the 
Diſtance of the Sun from the Moon, to the In- 
terval of the Mean and True ConjunRion or Op- 
poſition; which Interval of Time, if the Moon hath 
not yet overtaken the Sun, ſuperadded to the Mean 
Time, gives the Time of the True Conjunction or 
Oppoſicion : But if the Moon have already paſs d 
the Sun, taken from that Time, will ſhew the 
Mean Moment of the True Conjunction or Op- 

ofition. But two Things are here to be noted, 
or the right underſtanding this Precept; and the 
determining the more exactly the Diſtance be- 
tween the True and Mean Conjunctions and Op- 
poſitions. (I.) That in this Place the Mean A- 
nomaly of the Moon is not to be apply'd to the 
Table of Horary Motions, Wfore we have 
increas'd the ſame by almoſt half its Diſtance 
from the Sun, if the Moon hath not yet over- 


taken the Sun ; or diminiſh'd it as much, if the 
Moon 
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Moon have now gone paſs'd the Sun: For ſee- 
ing we bring the Moon's Anomaly to the ſaid 
Table only for this Purpoſe, that we may learn 
with how great Velocity it hath either lately 
gone over that Interval from the Sun; or will go 
over the ſame, when it is yet to be paſſed over by 
her: It is clear, that the Horary Motion is nei- 
ther to be taken for the Beginning nor End of the 
Interval on either Side, but for the Middle it ſelf, 
hat we may have the Space of Time agreeing to 
the ame Interval accurately defin'd. Tho' in efti- 
mating the Anomaly of the Sun there is no need 
Per this Preciſeneſs, by reaſon that it is not wont 
o undergo fo great a Change in one Day as the 
Lunar doth in one Hour. (2.) That that Inter- 
nl betwixt the Mean Conjunction or Oppoſition, 
ind the True, very feldom exceeds half a Day or 
welve Hours, never fourteen ; as will eaſily ap- 
pear from the Aſtronomical Computations of any 
Places of Anomaly whatever. 

Precep. 4. There being found by the former 
ecepts the Mean Time of the True Conjuncti- 
| {Wo or Oppoſition, we maſt do the ſame Things 
oer again, and compute, as we did before, the 
me Places of the Sun in the Ecliptic, and of 
- 

* 


% e &'V - "I 


the Moon in its own Orbit, which agree to the 
Time of the True Conjunction or Oppoſition ; 
And befides, Calculate the True Latitude of the 
Moon from the Ecliptic, which belongs to this Gi- 


recep. 5. Out of the Mean Time ſeek the Ap- 


Obtain the Abſolute Equation of Time, whether 
t be Addititious or Ablaticions by the Mean A- 
omaly of the Sun, and his Place in the Ecliptic, 
you were above taught to do; and take away 
lie fame out of the Mean Time, gontrary to the 

| Title, 


fen Mean Moment of the ſame. Which being done, 


prent, by making an Equation in this manner. 
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Title, if, according to that in the Table, it is to 
be added; and if, according to that, it be to be 
taken away, add it to the Mean Time; and thus 
you will obtain the Apparent Time of the True 
Conjunction or Oppoſition. Nor is it to be won- 
der'd that the Purport of the Title is to be thus 
inverted, and Addition to be ſubſtituted for Sub- 
ſtraction, and on the contrary: For the Method 
of the Tables of Equation of Time doth prima- 
Tily ſerve to the reducing of the Time Apparent 
given to the Mean Time ſought ; when therefore 
on the contrary we ſhould find out the Time Ap- 
parent from the Mean Time, we muſt add and ſub- 
ſtract contrary-wiſe to what we did before. 
Precep. 6. The True Moment therefore , or 
Time Apparent of the Conjunction or Oppojiti- 
on being given, there are two Things which re- 
main to be ſought before we can go any further ; 
To wit, at what Moment of the Apparent Time 
the Diſtance of the Centers will be the leaſt of 
all; and in what Moment of the ſame Time the 
True Conjunction or Oppoſition in the Ecliptic 
happens. For it was before ſaid, that there is tor 
the moſt Part a difference betwixt the neareſt Ap- 
proach of the Centers, and the very Moment of 
the New or Full-Moon ; and conſequently be- 
twixt thoſe Moments of Time, and the Time ot 
the True Conjunction or Oppoſition in the Lu- 
nar Orbit, to be reckon'd from the beginning ot 
Aries, (which alone we have hitherto Calculated.) 
For the Time of the Ecliptical Full or New- Moon 
is to be conſider'd in a Plane Perpendicular to the 
Ecliptic ; the Time of the greateſt Approxima- 
tion of Centers in a Plane nearly Perpendicular 
to the Lunar Orbit; but the Apparent Time of 
the Conjunction or Oppoſition in the Lunar O- 


15 
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dit, which is when Arches drawn from the be- 
ginning of Aries unto the Centers of both the 
dun and Moon, or of the Shadow, are equal; 
this is to be conſidered in a Plane Perpendicular, 
neither to the Ecliptic nor the Lunar Orbit, but 
which is betwixt both. Therefore half of the 
Exceſs or Defect of the leaſt Diſtance of the Cen- 
ters, whereby it exceeds or falls ſhore of the Point 
in the Ecliptic, is in a manner equal to the Dif- 
ference which is betwixt the Time of the New or 
Full- Moon conſidered as in the Lunar Orbit; and 
the Time on one Side of the Ecliptic New or Full- 
Moon, and on the other of the leaſt Diſtance of 
the Centers. Which half Difference is called Re- 
luction; which if you ſubſtract the ſame from 
the Time of the True Conjunction or Op- 
poſition, reckon'd from the beginning of Aries, 
or add it thereto, you will have this way 
the Moment of the Ecliptic Conjunction or 
Oppoſition ; and in the other way the Moment 
of the neareſt Approximation of the Centers ; 
and theſe moſt exactly compured ; only ſo far as 
that very ſmall Difference betwixt the leaſt Di- 
ſtance of the Centers, and the Line Perpendicu- 
ar to the Lunar Orbit may make the Reckoning 
not quite accurate: Which Diffe gt notwwithe 
ſtanding is ſo very ſmall, that i ght not to be 
much regarded in this Place, tho' it is taken into 
the Account in Mr. Flamſteed's Tables. Now 
that we may obtain this Reduction by the Aſtro- 
nomical Table, we are to obſerve the True Horary 
Mition of the Moon from the Sun, which is placed in 
the Front; and in the Column which is under it, 
Over againſt the Argument of Latitude we ſhall find 
the little Space of Time due to that Reduction: 
Which Reduction of Time being added to the 


Apparent Time in the Lunar Orbit, or taken a- 


way 
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way from thence, will give on both Sides, as wz; 
ſaid, the Moments of Time requir'd in this Place: 
On this Side the Moment of the leaſt Diſtance 
of the Centers; On the other Side the Moment 
of the Ecliptic New or Full-Moon. I think it 
needleſs to add particular Rules of Addition or 
Subſtraction for the finding out either Time; for 
the Situation of the Planes Perpendicular to tho 
Ecliptic, and to the Lunar Orbit reſpectively, 
doth ſo eaſily determine all theſe Poſitions, that 
there is no need of more Words in the preſent 


Cale. 


wel 


P RO B. IV. 


To find out the Moments, Duration, and the ref 
of the Afe&ions of Lunar Eclipſes. 


* 
E RE, in the Firſt Place, we muſt endea- 
vour to find out the leaſt Diſtance of the 
Centers: Seeing without the Knowledge of this 
we cannot know whether there will be an Eclipſe 
or no, much leſs of what Duration, and of what 
Quantity it will be. 


Precept. x. The Moment of Time being given 
in which the Diſtance-of the Centers, to wit, of 
the Diſcus of the Shadow of the Earth, and of the 
Moon itſelf, is the leaſt of all; and-there being 
alſo given the Moment of Time in -which the 
Conjunction or Oppoſition of the Moon in its 
own Orbit falls; There being given, beſides, the 
Latitude of the Moon, for the Moment laſt wy 

K tion d 
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tion d; all which Things may be found by the 
ſoregoing Precepts: There is given withal the 
leaſt Diſtance of the Centers; as being equal to 
the Latitude of the Moon for the Apparent Time 
of its Conjunction or Oppoſition in its own Or- 
bit; as it is moſt eaſy to demonſtrate. To the 
Time of the Oppoſition therefore in its own Or- 
bit ſeek the Latitude of the Moon, according as 
we have ſhew'd above. That Latitude will ſhew 
the-leaſt Diſtance of Centers, or the Line of the 
greateſt Approximation: Which being obtain'd, 
et us next ſeek the Magnitude, or Semi-diameter 
of the Earth's Shadow in the Place of the Moon's 
Tranſit ; that from the ſame, compared with the 
laſt Diſtance of the Centers, we may afterwards 
underſtand the chief Phænomena of the Lunar 
Eclipſes. 

Precep. 2. From the Sum of the Horizontal Pa- 
nllaxes of the Sun and Moon, ſubſtra& the Ap- 
parent Semi- diameter of the Sun: That which 
remains will give us the Apparent Semi- diameter 
of the Shadow of the Earth in the Place of the 
Tranſit, The Reaſon of this Precept is to be 
ketch'd from the famous Diagram of Hipparchus, 
which we have explain'd before ; and is manifeſt 
from the bare Inſpection of the ſame, if we look 
nightly upon it. There being given therefore in 
the Aſtronomical Table both the Horizontal Pa- 
allaxes, and the Apparent Semi-diameters of 
both the Sun and Moon, for each Degree of A- 
nomaly, we ſhall eaſily determine the Magnitude 
of the Earth's Shadow. The Semi-diameter there- 
lore of the Shadow being given, 

Precep. 3. Add the Apparent Semi-diameter of 
he Moon to the Apparent Semi- diameter of the 
adow): And if the Sum of them be greater 

bh. than 
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than the leaſt Diſtance of the Centers which waz 
found before, the Reſult will be at leaſt a Partial 
Eclipſe of the Moon: But if the ſaid Sum be 
found leſs, the Moon will eſcape an Eclipſe, and 
not be obſcur'd atall ; as is obvious to every one 
that conſiders the Thing attentively. 

Precep. 4. Subſtract the Apparent Semi-diame- 
ter of the Moon from the Apparent Semi-diame- 
ter of the Shadow; and note the Difference: 
which if it be equal to the leaſt Diſtance of the 
Centers, the Eclipſe will be Total, but without 
Continuance ; that is, as ſoon as the whole Moon 
hath been hidden, it will emerge on the other 
Side, and by Degrees recover its former Light; 
then if it be leſs than the leaſt Diſtance of the 
Centers, only ſome Parts of the Moon will be 
obſcur'd ; but laſtly, if it be greater, the Eclipſe 
will be not only Total, but of ſome Continu- 
ance. 

Precep. 5. To find the Quantity of the Defeat 
of Light, eſpecially in Partial Eclipſes ; and how 
many Digits of the Lunar Diameter it contains: 
From the Sum of the Apparent Semi-diameters of 
the Moon, and of the Shadow, ſubſtract the leaſt 
Diſtance of the Centers; the Difference of theſe 
Two reduc into Digits, or Duodecimal Parts, by 
the Golden Rule, will determine the Quantity of 
the Eclipſe. Reaſon thus therefore ; As the Mea- 
ſure of the Semi-diameter of the Moon in Parts 
of Degrees, is to the ſame Semi. diameter in Di- 
gits, (to wit, Six ;) ſo is the foreſaid Difference, 
or the Parts deficient in Parts of Degrees, to the 
Deficient Parts in Digits: And thus by the Meat 
of the Rule of Proportion, the Digits of the E- 
clipſe, together with their Parts, may be found 
any-where. . | 

2 Precef. 
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Precep. 6. For finding the Angle of Incidence, 
work thus: As the Sum of the Apparent Semi- 
diameters of the Moon and the Shadow, is to the 
Radius; ſo is the leaſt Diſtance of the Centers, 
to the Coſine of the Angle of Incidence. The 
Three former Terms of which Analogy being 
given, the Fourth at the ſame Time, to wit, 
the Angle of Incidenee ( which is equal to the 
Angle of Exit) is given alſo. And now the 
Angle of Incidence, and conſequently that of 
Exit being given, let us ſeek the Angle of Total 
Immerſion and Emerſion in Total Eclipſes. 
Therefore let this be, | : 

Precep. 7. What Proportion the Difference of 
the Apparent Semi- dia meters of the Moon and 
the Shadow bears to the Radius; the ſame doth 
the leaſt Diſtance of the Centers, bear to the Co- 
ſine of the Angle of Immerſion, or (which is the 

ſame for Quantity) to that of Emerſon. The 
6 Quantity therefore of the Eelipſe, and the Angles 
both of Incidence and Emerſion being now 
110 let us proceed to the Duration of the 
0 Wl Eclipſe; | 
fe Precep. 8. As for which Duration of the Eclipſe: 
0 What Proportion the Radius of the Circle, bears 
/ to the Angle of Incidence ; the ſame doth the 
dum of the Apparent Semi-diameters of the Moon 
and the Shadow, bear to the Motion of half the 
Space of Time of the Eclipſe's Duration. But 
then, becauſe we are not only wont to ſeek the 
Duration of a Total Eclipſe, but the Continuance 
allo of the Abſolute Darkneſs, ler us find this like- 
wiſe. Which is done by. 8 I : 

Precep. 9. -As the Radius, is to the Sine of the 
Angle of Immerſion ; ſo is the Difference of the 
recth. Apparent Semi-diameters of the Moon and Sha- 

M dow; 
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dow, to the Motion of the Half-continuance of 
the Abſolute Darkneſs. And thus we have found 
the Motion of the Moon, during the Time of its 
being wholly within the Shadow. But here it is 
to be noted, that in both the preſent and forego- 
ing Precept we have found only the Motion of 
the ſame during the Time of the Eclipſe, whe- 
ther Total or Partial, but not the Spaces of Time 
that anſwer to this Motion: It remains therefore, 
that we do here reſolve this Motion into Time; 
which is done by this twofold Analogy, ſuited to 
thoſe two Precepts reſpectively. As the Motion 
of the Moon from the Sun perform'd in one 
Hour, is to one Hour, or ſixty Minutes of Time; 
ſo is the Motion of the Duration of half the E- 

clipſe, to the Hours or Minutes of that Duration. 
This we refer to the former Precept. And as for 
the latter, we reaſon thus: As the Horary Moti- 
on of the Moon from the Sun, is to an Hour or 
60; ſo is the Motion of half the Continuance of 
the Abſolute Darkneſs, to half the Space of Time 
of that Darkneſs. And thus we have found the 
Duration of the Eclipſe. Q. E. I. 

Precep. 10. For the finding the Moments of the 
Beginning and End of the Ezliple ; the Middle 
Moment, with half the Duration, being already 
given : It is obvious to take away half the Dura- 
tion from the Middle Moment, that you may 
have the Moment of the Beginning ; and to add 
that half Duration to the Middle Moment for 
knowing the End of the Eclipſe ; And to work 
in like manner for finding the Beginning and 
End of Total Darkneſs, 


And now we have at length diſpatch'd the 


Computation of the Lunar Eclipſe ; which bend 
ree 
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free from the Entanglements of Parallaxes and 
Refractions, is eaſy to be perform'd; at leaft in 
Compariſon of the Solar Eclipſe. Unto which 
we ſhould now proceed ; but that we would firſt 
ſubjoin two or three Things relating to the Mat- 
ter of Lunar Eclipſes, which we have been hand- 
ling, for the removing what Difficulties any one 
may yet have to grapple with in this Buſineſs. 
We Note therefore, 


(I.) That in all this Calculation we have 
treated of that Shadow, by the Interpoſition of 
which the Eclipſe is caus'd no otherwiſe than if 
it were the very Shadow of the Earth it ſelf, and 
not of its Atmoſphere ; which we have' before 
ſhew'd ic to be. But to this I ſay, that the Heighth 
of the Atmoſphere is ſo ſmall, if compared 
with the Semi-diameter of the Earth, that the 
Rays which paſs through the Upper Part of it, 
f which alone indeed Conſtitute the Semi- angle of 
N the Cone of the Shadow; that theſe I ſay, be- 
5 cauſe they ſuffer little or no Refraction, ought 

to be handled after the ſame manner with the 
© Rays themſelves which juſt touch the Earth, or 
8 are next to it, which would have then been to 
be conſidered, if there were no Atmoſphere at all. 
And therefore the treating of the Shadow as we 
WF have done, can introduce no ſenſible Error into 
d the Calculation. | 

(2.) That in the whole Proceſs we have not 
diſtinguiſh'd the leaſt Diſtance of the Centers of 
the Shadow and the Moon, from the Line which 
is Perpendicular to the Lunar Orbit; although 
we have ſhew'd above, that it is diſtinct there- 
tom, and really different. But neither was 
this done unwittingly; for we obſerved before, 
| M 2 that 
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that theſe Lines do differ ſo very little one fron 
another, that there is no need to ſeparate them 
in the Calculation, and to do that which cannot 
be done without a great deal of Trouble; and 
when done, would turn to ſmall Advantage ; 
eſpecially when the ſaid Difference is conſider'd 
in Mr. Flamſteed's Tables another way. 

(3.) And laſtly, That whereas in Mr. Flam- 
ſfteed's Table of the Angle made with the Ecliptic 
by the Motion of the Moon from the Sun (which 
chiefly appertains to the Solar, although ſome- 
thing alſo to the Lunar Eclipſe,) that Angle is 
determin'd to be always greater than the greateſt 
Inclination of the Lunar Orbit to the Ecliptic; 
( which may ſeem a Paradox to many.) The 
Reaſon of the Thing is this: The Angle of the 
Motion doth not reſpe& ſome certain Point, as 
doth the Lunar Node; for if it did, that Motion 
would always be inclin'd to the Ecliptic in the 
ſame Angle, in which thoſe two Planes, that of 
the Ecliptic, and that of the Lunar Orbit are in- 
elin'd to each other. But that Angle of which 
we are now ſpeaking, altogether reſpects Move- 
able Points, to wit, the Center of the Sun, and 
that of the Earth's Shadow : and conſequently 
in proportion to the Velocity of thoſe two Move- 
able Points will be increas'd, if the Motion-of 
this Point which we are treating be to the 
ſame Part as is the Motion of thoſe two Cen- 
ters; but if it be to the Contrary Part, it will 
be diminiſh'd ; as will appear to any one that ſhall 
weigh in his Mind the Reſpe&ts which two 
Moveables will bear to each other. Seeing there- 
fore the Center, whether of the Sun or Shadow, 
uu forward unto the ſame Part as the Moon 


oth, although more ſlowly, the Angle of Mo- 
tion 


2 
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tion reckon'd from thoſe Moveable Centers in the 
Ecliptic, cannot but be ſomewhat, though but a 
little greater than the Inclinatory Angle of the 
Orbit. And indeed by this Meaſure of that Angle 
of Motion, Mr. ours neo provided, that 
the lately mention'd Difference{ betwixt the Per- 
pendicular ef the Lunar Orbit, and the leaſt 
Diſtance of the Centers ſhould w—_ ganiſh 
away. And thus much for Lunar Ecſipſes. [Ex- 


amples will be added at the End of the Bock.] 


Novemb. 17. 1701. 


——— 


BEET: XIV. 


8 we enter upon the Solar Eclipſe, we 
ſhall premiſe ſome Things, for the better un- 
derſtanding and diſtinguiſhing the different Na- 
tures, Reaſons, and Phænomena of the Eclipſes 
of the two Luminaries, which yet do ſomewhat _ 
agree with each other, It is therefore to be ob- 
ſerv'd, (1.) That the Eclipſe of the Sun is im- 
properly ſo called; it being indeed nothing elſe 
than an Eclipſe of the Farth, For in the Sun it 
ſelf there is no Privation of Light at all in an 
Eclipſe ; but the Earth falls into the Shadow of 
the Moon, and ſo is depriv'd of Light: As in the 
Lunar the Moon is depriv'd of Light by the Sha- 
dow of the Earth. (2.) That it is therefore bet- 
ter with the Moderns to conſider the Solar Eclipſe, 
as we Call it, as being a Defect of the Sun's Light 
on the Earth, or an Obumbration of the Earth, 
or ſome Parts of it; and to make this our Enquiry 
what Regions of the Earth the Shadow of the 
M 3 Moon 
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Moon ought to touch and obumbrate. Let us 
therefore ſuppoſe the Diurnal Circumvolution of 
the Earth to be interrupted for a while, to wit, 
whilſt the Moon paſſeth over it, or betwixt it 
and the Sun; and conſider how the Shadow of 
the Moon can affect the Earth. If the Moon 
therefore at this time be in the very Nodes, the 
Center of the Moon, which is directly interpos'd 
berwigt the Center of the Sun and that of the 
Earth, will make a Central Eclipſe in that Place 
of the Earth which is Situated in the Terreſtrial 
Ecliptic immediately under that Node; to wit, if 
we reſpect the Middle Moment of the Eclipſe 
preciſely : In which Place, if the Apparent Dia- 
meter of the Moon be greater than, or equal to 
the Sun's Apparent Diameter, there will be at 
that time an Eclipſe not only Central but Total; 
but if the Apparent Diameter of the Moon be 
never ſo little leſs than that of the Sun, as it 
ſomerimes happens, the Eclipſe will be Annular. 
But yet the whole Extent of the Eclipſe is not 
confn'd within one particular Place; for although 
the thickeſt Shadow and mere Darkneſs can pol- 
ſeſs only one little Portion of the Earth at one 
time; yet 2 Penumbra, which atiſeth from the 
Obſcuration of ſome Part of the Sun's Diſcus, 
whilſt another Part ſhines, may involve at the 
fame time large Regions, yea above a quarter of 
the whole Hemiſphere in a partial Eclipſe ; the 
Darkneſs whereof will be greater towards the Cen- 
ter, lefs towards the Circumference.. (z.) That 
the Center of the Moon, or rather of the Lu- 
nar Shadow, or Penumbra, will then, from the 
Celerity of the Menſtrual Motion, go over one 
of the greateſt Semi circles of the Earth, or the 
Diameter of the Plane Diſcus of the Earth; and 
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involves gradually the Regions which are imme- 
diately under it in the greateſt Darkneſs, and 
thoſe which are on the Sides and neighbouring 


to them in leſs. Now I underſtand here that great- 


eſt Circle on the Surface of the Earth, which at 
that Moment of Time hath almoſt the ſame Po- 
ſition with reſpec to the Terreſtrial Ecliptic, as 
the Orbit of the Moon hath with reſpe& to the 
Celeſtial One. In ſhort, the Line through, or 
along which the Center of the Shadow runs upon 
the Diſcus of the Earth, will be inclin'd to the 


Terreſtrial Ecliptic in an Angle of five Degrees, 


and ſomething more. (4.) That if in the Middle 


Moment of the Eclipſe the Moon be not in the 


Nodes themſelves, but ſomething remov'd from 
them, the Path of the Center of the Shadow and. 
Penumbra will not be in a great Circle of the 
Earth, or in the Diameter of ſuch a Circle pro- 
jected on a Plane, but in a leſſer Circle in the 
Spherical Earth, and will deſcribe the Subtenſe 
or Chord of a great Circle in a Plane Diſcus. But 
this notwithſtanding, the Inhabitants of that Path, 
and thoſe who are neighbouring to them on this 
Side, and on that, will have the ſame Viciſſitudes 
of greater and leſſer Darkneſs, which we ſhewed 
before concerning a great Circle. (5.) That the 
True Line or Path which the Center of the Sha- 
dow deſcribes upon the Spherical Surface of the 
Earth is not Circular, but a Portion of a Curve 
not very regular, paſſing obliquely over divers 
Places of the Earth. We ſaid before, that that 
Line is a Portion of a great Circle, or a leſſer. 
one; but then we ſuppos'd all along that the 
Earth was not mov'd in the mean while with a 
Diurnal Motion. But now we put the Caſe, as 
it indeed is; which Thing greatly alters the Line 

| 4 which 
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which we are ſpeaking of: For the Coincidenc 

of the Earth's Diurnal Motion, with the Motion 
of the Center of the Shadow, makes that the 
True Line of the Motion of this Center, ſhould 
be a Compound Winding Line, ſuch as muſt a- 
riſe from the Combination of two Motions, and 
is a kind of Spiral, delineated upon the Surface 
of the Earth; which is indeed of ſo mutable and 
various 2 Kind from the different Velocity of the 
Center of the Shadow, and likewiſe the various 
Poſition of the Lunar Path, ſometimes towards 
the Equator, ſometimes towards the Poles ; that it 
is almoſt impoſſible to delineate it Geometrically, 
or exhibit it exactly to the Eye. (6.) That the True 
Parallax of the Moon, which is eſtimated ac- 
cording to a Vertical Circle, puts on the Form 
of other Parallaxes, and introduces a Difference 
not only into the Vertical Circle, but into. the 


Circles of Longitude and Latitude. For whilſt 


the Place of the Moon, ſeen from the Surface 
of the Earth, for the moſt Part differs from the 
True Place of it, as ſeen from the Center, in 
ſome Portion of a Vertical Circle, as is abundant- 
ly manifeſt from the very ſenfible Parallax of this 
Planet; It muſt needs be, that the viſible Place 
of the Moon, if referr'd to the Ecliptic, poſſeſſes 
ſome other Point thereof than the True Place, 
or that which is found by Calculation would do ; 
And in like manner, that the viſible Place of the 
Moon, if referr'd to ſome Circle of Latitude, is 
other than what that Place is which is found by: 
Calculation. Thus by the Parallax, both the Ap- 
parent Longitude and Latitude of the Moon are 


diverſly- changed. From which the Difficulty of 


Calculating the Solar Eclipſe is much greater than 


/ 


of Calculating that of the Moon. But notwith- 
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ſtanding it is to be obſerv'd, (7.) That not long 
ago a Geometrical Method was found out, where- 
by the Tediouſneſs of this Parallactic Calculation 
is wholly avoided, and the Figure of the Solar 
Eclipſe may be delineated by the Means of the 
Compaſſes and Rule only. Which kind of Me- 
thod, after that it was firſt thought on by Sir 


Cbriſtopber Wren, and as it ſeems by Dr. Halley, 


(Men both of them excellently Skill'd in theſe 
Matters, but who were minded either to ſuppreſs 
their Invention, or ta defer the Publication of it,) 
offered it ſelf alſo upon a certain Occaſion to 
Mr. Flamſteed : Who being intent upon deſcribing 


the Appulſes of the Moon to the Fixed Stars by 
ſuch a Geometrical Method, without the Compu- 


tation of Parallaxes, has communicated the ſame 


Method to the World; and has both uſed it him- 
ſelf in Delineating the Eclipſes of the Sun, and 


adviſed other Aſtronomers to uſe it likewiſe. 
By which Geometrical Method of deſcribing E- 
clipſes, he hath not only attain'd this, namely to 


be able to deſcribe them without the Computation. 


of Pargllaxes, which was before impracticable, 
but to be able withal to find out and ſhew divers 
uſeful Phænomena about thoſe Eclipſes, which 
otherwiſe were not to be found at all, or at leaſt 
not without much Labour. We fhall therefore 
follow Mr. Flamſteed's Steps as near as may be, 
and after ſo many Preparatories ſhall explain 
the Doctrine of Calculating the Solar Eclipſe with 
much Order and Perſpicuity as we can. | 
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PRO B. V. 


To determine the Moments, Duration, and the 
reſt of the Affections of the Solar Eclipſes. 


Precept. 1. L Rom the Moon's Horizontal Paral- 
I lax ſubſtract the Sun's. What re- 

mains will be the Semi- diameter of the Earth's Diſcus, 
Then gather the Horizontal Semi-diameters of the 
Sun and Moon into one Sum; and this Sum of 
Semi -diameters will be equal to the Semi. diameter 
of the whole Penumbra of the Moon, from which 
the Solar Eclipſe proceeds. I ſaid that the Hori- 
zontal Semi-diameters of the Sun and Moon are 
to be taken; and this rightly : For although ſo 
great is the Diſtance of the Sun, that his Vertical 
Apparent Semi-diameters differs very little from 
the Horizontal, yet in the Moon it 1s otherwiſe. 
For becauſe of its Nearneſs to us, the Apparent 
Vertical Semi- diameter is found conſiderably 
greater than the Horizontal (which is almoſt the 
ſame as the True.) Theſe Things therefore be- 
ing given by the Aſttonomical Tables, let this 
Prerep. 2. Having added the Semi- diameter of 
the Penumbra, to the Semi- diameter of the Diſcus: 
If now the Moon's Latitude in the very Moment 
of the True Conjunction in its own Orbit be leſs 
than that Sum of Semi- diameters, there will be 
ſome where of the Earth or other an Eclipſe of 
the Sun; but if it be greater, there will be no 
Eclipſe. Moreover, if the Latitude of the Moon 
be leſs than the Semi- diameter of the Diſcus _ 
. | | | hoes Alone, 
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alone, the Center of the Shadow will fall upon 
the Earth, and conſequently there will be a Cen- 
tral Ecliple ſomewhere or other ; but if it be 
greater, the Eclipſe will be only Partial. 

Precep. 3. From the Semi-diameter of the Di/- 
eus of the Earth, ſubſtra& the Semi- diameter 
of the Penumbra, and mark well the Remain- 
der: For if the Latitude of the Moon in the 
Time of the Conjunction or Oppoſition, in its 
own Orbit, be found leſs than that Remainder ; 
the whole Penumbra will be comprehended, at the 
Middle Moment of the Eclipſe, within the Com- 
paſs of the Earth's Diſcus: But this will in no 
wiſe be, if the Latitude of the Moon be not 
found leſs than was before ſaid. When therefore 
you have by Multiplying reduc'd all theſe Quan- 
tities unto Terms ſmall enough, as unto Seconds, 

u will have the Angles of Incidence, or the 

iſtances of the Points where the Penumbra touch» 
eth the | Diſcus outwardly in its Ingreſs and E- 
egreſs ; where it toucheth the ſame Inwardly in 
the Points of Total Immerſion and Emerſion; 
and likewiſe where in the intermediate Place on 
both Sides the Center of the Penumbra firſt enters 
the Diſcus, and at laſt goeth out of it again. For 
theſe Diſtances being given in Angles, from the 
Velocity of the Moon's Motion from the Sun, 
there will be given alſo, by the Golden Rule, the 
Interval of Time agreeing to every Diſtance ; 
that is, there will be given the Duration of the 
entire General Eclipſe ; there will be given the 
Duration ot the Total Darkneſs; and there will be 
given alſo the Duration of the whole Stay of the 
Penumbra upon the Diſcus of the Earth ; as will 
appear from what-follows. T make mention here 
of a General Eclipſe ; as being in this Place de- 
r b e claring 
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claring the Properties and Affections of an E. 
clipſe, not as ſeen in ſome particular Place, but 
conſider d as it is upon the Earth in general, from 
the beginning unto the end of it. 

Precep. 4. From the Moon's Latitude at the 
Time of her Conjunction in her own Orbit, 
(which is the ſame altogether, as it was obſerv'd 
before, as that leaſt Diſtance of the Centers which 
hath been ſo often mention'd ) ſeek thoſe Angles 
of Incidence, of Immerſion of the Center, and 
Total Immerſion by theſe Analogies. As the Sum 
of the Semi-diameters of the Earth's Diſcus and 
of the Penumbra, is to the Radius; ſo is the Moon's 
Latitude, or the leaſt Diſtance of Centers, to the 
Coſine of the Angle of Incidence. Then, as the 
Semi-diameter of the Earth's Diſcus, is to the Ra- 
dius; fo is the Moon's Latitude, or the leaſt Di- 
ſtance of the Centers, to the Coſine of the Angle 
of Immerſion of the Center of the Penumbra. 
Laſtly, As the Difference of the Semi-diameters 
of the Earth's Diſcus and of the Penumbra, is to 
the Radius; ſo is the Moon's Latitude, or the leaſt 

| Diſtance of Centers, to the Coſine of the Angle 
of Total Immerſion. There being therefore gi- 
ven in each Analogy the Three former Terms, 
the Fourth alſo, by the help of the Golden Rule, 
will eafily be known. And ſeeing in the Egreſs 
of the Penumbra the Angles which ariſe are alto- 
gether equal to thoſe which were in the Ingreſs, 
the ſame Numbers which ſhew the Angles on 
ow Side, will ſhew thoſe on the other Side 
alſo. | 

Precep. 5. There being now given the Coſines 
of the Angles of Incidence, of Immerſion of the 
Center, and of Total Immerſion, and conſe- 
quently the Complemen: of each unto a Right 
Angle, 


5 
* 


Angle, the Angles of themſelves will be had with- 
out any trouble at all. Which being given, find 
out the Motion of the Moon agreeing to every 
Angle reſpectively, by theſe Analogies. As the 
Radius, to the Sine of the Angle of Incidence ; fo 
is the Sum of the Semi-diameters of the Diſcus 
and of the Penumbra, to the Motion of half the 
Duration of the whole Eclipſe. Then, As the 
Radius, to the Sine of the Angle of Immerſion of 
the Center; ſo is the Semi-diameter of the Diſcus, 
to the Motion of half the Duration of Central 
Eclipſes. Laſtly, As the Radius, to the Sine of 
the Angle of Total Immerſion ; ſo the Difference 


of the Semi diameters of the Dzſcus and of the 


Penumbra, is to the Motion of half the Continu- 
ance of the Penumbra within the Diſcus. 

Precep. 6. The Motions being now given, the 
Times anſwering to them will be found by the 
following Analogy. As the Horary Motion of 
the Moon from the Sun, is to an Hour or ſixty 
Minutes; ſo is the Motion of half the Duration, 
belonging whether to the Angle of Incidence, or 
to that of the Immerſion of the Center, or to the 
Angle of Total Immerſion, to the Space of Time 
agreeing to each Motion. Which Intervals of 
Time being thus found, if you take away the 
ſame from the Middle Moment of the Eclipſe ; 
and add them to it, you will have the Moments 
of Time in which the Eclipſe begins and ends ; 
the Beginning and End of every Central Eclipſe ; 
the Beginning and End of the whole Continuance 
of the Center of the Penumbra within the Diſcus. The 
Moments of Time I ſay fog your Place; that is to 
lay, you will obtain them according to the Me- 
ndian of the Aſtronomical Tables which you 
ſhall make uſe of; And theſe Times may, by _ 
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Difference of Meridians otherwiſe known, as by 
Tables of Longitude, or Geographical Maps, or 
the like, be eaſily accommodated to the Meridian 
of another Place. And thus the Times of the 
general Eclipſe, known from Aſtronomical Ta- 
bles, Calculated for any one Meridian whatever, 
may be reduc d to any other Meridian. 

And thus we have obtain'd the general Phæno- 
mena of the Solar Eclipſe, not having yet conſi- 
der'd the Poſition of a particular Place. But be- 

fore we take in hand the Second Part of Calcu- 
lation, we. ſhall diſtinctly obſerve ſome general 

Appearances of this Eclipſe, which depend upon 

what has already been delivered, that we may 

from thence know what will be the particular 

Caſes in divers Places of the Earth. Therefore 

we note, in the firſt Place, That where the Pe- 

numbra firſt toucheth upon and enters the Disk of 

the Earth, the Inhabitants ſee the Beginning of 

the Eclipſe in the utmoſt Top of the Sun's Verti- 

cal Diameter; to wit, in the Riſe of his upper- 

moſt Edge: That in that.Place where the Center 

of the Penumbra enters: the Disk of the. Earth, a 

Central Eclipſe wilt be ſeen in the very Rifing of 

the Center of the Sun: And in that Place where 

the whole Penumbra is firſt receiv'd within the 

Disk, the End of the Eclipſe will be noted and 

diſtinguiſh'd at the ſame time, to wit, in the low- 

ermoſt Point of the Vertical Diameter : And fur- 

ther, that where the Path of the Center of the 
Penumbra cuts the Axis of the Earth in the Meri- 
dian Circle ic ſelf; and where alſo it cuts the 
Axis of the Ecliptic, in the Ninetieth Degree of 
the Ecliptic, or in the Point which is moſt of all 
Ele vated above the Horizon, a Central Eclipſe 
15 
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is to be ſeen. Furthermore, That in that Place 
in which the Center of the Penumbra hath begun' 
to riſe from the Disk of the Earth, the Eclipſe 
begins where the Sun is the mean while Setting 
in the lowermoſt Point of the, Vertical Diameter ; 
and there where the Center of the Penumbra goes 
off from the Disk, there is a Central Eclipſe, the 
Sun being in the mean while Setting; and laſtly, 
that where the Penumbra is now wholly departing 
from the Disk, the Eclipſe wholly ends, to wit, 
in the Top of the Vertical Diameter, whilſt the 
Sun's laſt Rays are about being hidden under the 
Horizon. 
And thus much for the General Appearances 
of the Solar Eclipſe; which indeed (as is not un- 
fit to be here diſtinctly noted) by reaſon of the 
Celerity of the Monthly Motion above the Di- 
urnal, tend from Weſ# to Eaſt, and are in this 
manner ſucceſſively propagated. We come now 
unto the Phxnomena proper to particular Pla- 
ces, according to the Differences of Meridians 
and Situations ; as knowing that theſe are they 
which are chiefly ſought after by moſt. And for 
the Satisfaction of this Part of our preſent Pro- 
blem, we ſhall in this Place have recourſe unto 
that New Geometrical Method of Repreſenting 
Solar Eclipſes, Invented by Mr. Flamſteed, which 
was ſpoken of before ; and endeavour to explain 
this moſt excellent Method (which ſets us free. 
from the Intricacies of Parallaxes, and beſides 
ſhews us more Things in the Buſineſs of Eclipſes 
than any Man can promiſe to himſelf from A- 
ſtronomical Calculations ) with as much Clear- 
neſs as the want of Schemes, and manifold Pre- 
cepts, which cannot be conveniently brought in 
in this Place, will give leave. | : 
etc 
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Let innumerable Right Lines be uriderſtood to 
be drawn through. a Plane which toucheth the 
Lunar Orbit, and is Perpendicular to a Line 
which connects the Centers of the Sun and 
Earth : Let innumerable Right Lines, I ſay, be 
underſtood to be drawn through this Plane from 
the Center of the Sun, unto all the Circles of the 
Earth. Theſe Lines will all of them cut that 
Plane, and will repreſent the Terreſtrial Sphere, 
together with all its Circles, projected and deli- 
neated in that Plane; ſo that the Eye placed in 
the Center of the Sun, would behold the Motion 
of the Earth both Annual and Diurnal, as per- 
form'd in the ſame Plane; Even in the ſame 
manner as we alſo that are plac'd upon the Earth; 
ſee the Sun and Moon with their ſeveral Mutati- 
ons in the like manner as if they were only Plane 
Surfaces, and their Spherical Circles were de- 
ſerib'd in Plane Disks. From this kind of Pro- 
jection therefore of the Spherical Surface of the 
Earth, there will ariſe in that Plane the Circle of 
the Baſe, or a Circle very nigh equal to a great 
Circle of the Earth; which Circle is called the 
Disk of the Earth; and ic will be every-where 
Perpendicular to the Plane of che Ecliptic. Then 
there will ariſe a Right Line, ſtretch'd forth on 
this Side and on that through the Center thereof, 
which will repreſent the Terreſtrial Axis; pro- 
jected on the ſame Plane, and according to the 
diverſe Seaſons of the Year inclin'd diverſly, and 
in various Angles to' the Axis of the Eclipric, 
( which is delineated or repreſented by a Right 
Line, and which is one of the Primary Diame- 
ters of the Circle of the Disk:) For indeed the 
Paralleliſm of the Earth's Axis, by reaſon of its 
various Situation, with reſpect to the Plane which 
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we are treating of, will make unequal Angles 
in this Plane. Then there will ariſe alſo in 
the ſame Plane, by the Diurnal Motion of eve- 
ry Point in the Surface of the Earth, Innu- 
merable Ellipſes, or Elliptic Paths of Vertexes ; 
by means of which every Place of the Earth will 
have its proper Situation and Place in the Plane 
we are now deſcribing, determin'd, diſtinguiſh'd, 
and ſeparated from all other. From whence it 
will come to paſs, that if in Solar Eclipſes we 
can find in this Plane Disk the Lines and Paths 
of Places which the Moon goes over ; we ſhall 
at the ſame time have the Places of our Earth, 
which the Moon by its Interpoſition will at that 
time obſcure. Theſe Things being premiſed, Take 
the Method it ſelf which we are explaining, in few 
Words thus. There being found, by what hath 
been before demonſtrated, the leaſt Diſtance of 
the Center of the Farth or Disk, and of the Cen- 
ter of the Penumbra, and the Diſtance of the ſame 
leaſt Line from the Axis of the Ecliptic being 
delineated in your Plane, let there be drawn 
in that Plane a Line Perpendicular thereto ; 
that is, drawn from the Point of the leaſt Di- 
ſtance ; that Line will ſhew the Path of the Cen- 
ter of the Penumbra, in the Circle of the Baſe or 
Disk; that ſame Path which we were before de- 
ſigning by the Calculation of the Angles of In- 
cidence, Immerſion of the Center, and Total 
Immerſion: Then mark in that Right Line or 
Path of the Center of the Penumbra, the Hours of 
your Meridian agreeing to thoſe Appearances of 
the Eclipſe, which Hours we before ſearched out; 
and, together with them, note the Quarters of 
the ſame Hours, and Minutes alſo, if you pleaſe. 
Furthermore, In the Elliptic Path of your Place, 


which 
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which is to be delineated in this Plane, let the 


Hours alſo be marked in that, together with the 


Parts of the ſame ; to wit, in ſuch ſort, that every 
Hour, and every Part of every Hour, may ex- 
preſsly mark and deſign the Point where your 
Place delineated by that Ellipſis is at that Moment 
of Time. Which Moments of Time being by 
this means given, both in the Rectilinear Path of 
the Center of the Penumbra, and in the Elliptic 
Path of your Place, you will, by the help of a 
Pair of Compaſſes, obtain thoſe Phænomena of the 
Eclipſe which will appear in your Place, if you 
go to work thus; Take out of the Scale of Equal 
Parts, that, to wit, by which you firſt made the 
whole Delineation, the Semi-diameter of the Pen- 
umbra; and one Leg of the Compaſſes being gra- 
dually transferr'd along the Path of the Penumbra, 
direct the other towards the Path of your own 
Place; if now this Leg of the Compaſſes doth 
not ſo much as touch the Path of your Place, 
there will be no Obſcuration of the Sun in your 
Place; but if it doth both reach it, and go be- 
yond it, there will be an Eclipſe in that Place; 
Total indeed if the Path of the Penumbra doth 
interſe& the Path of your Place; but if not, Par- 
tial only; the Beginning whereof will be at that 
Hour, or part of an Hour, where, by the Com- 
paſſes being ſet to both Paths, the ſame Hour, or 

art of an Hour, is marked on both Sides; the 
Path I mean of the Center of the Penumbra, and 
that of your Place. In like manner, the Middle 
of the Eclipſe will fall near that Moment of Time, 
in which the Legs of the Compaſſes being kept 
Parallel-wiſe to the Axis of the Ecliptic, the ſame 
Hour is marked in both Paths as before. And 
laſtly, the End of the Eclipſe in your Place wu 
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be in that Moment of Time where the ſame Hour 
happens to be obſerv'd in both Paths at the laſt. 
By which means, the Beginning, Middle, and 
End of the Eclipſe is found, and deſign'd by 2 
Linear Projection, and without Aſtronomical 
Calculation, or the Conſideration of Parallaxes. 
But then, after all, ſeeing that this Method re- 
quires rather to he ſhew'd in Practice by a Rule 
and Pair of Compaſſes, than' barely ſet forth in 
the way of Lecture, I ſhall forbear to add any 
more concerning it in this Placde. 

. Novemb. 24. 1701 _, 
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Fins now diſpatched the Calculation of E- 
clipſes, both Solar and Lunar; and with 
this the Theory of the Two greateſt Planets, as 
they are commonly called, fo far as the Nature 
of our Purpoſe required ; We ſhall now, by way 
of Appendix, deduce ſome Corollaries of no ſmall 
Moment from what has been ſaid, and which 
have been wholly untouch'd hitherto. 


Corollary (I.) The Geographical Longitude of 
Places may be found not only by the Lunar, but 
alſo by the Solar Eclipſes, if they be rightly ob- 
ſerv d. We ſaid ſome- where before indeed, that 
Lunar Eclipſes are moſt accommodate to this 
purpoſe ; but this weakens not our preſent Co- 
rollary in the leaſt. For although the Aſtrono- 
mers of all the foregoing Ages did, with one 
Conſent, conclude Lunar Eclipſes to be thoſe 
| N 2 only 
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only which could be ſerviceable to this purpoſe 
nor indeed, according to Old Ways of Calcula- 
ting Solar Eclipſes, could they have any Help 
from them in this Buſineſs ; (and it is no wonder 


that they could do no more in that Matter by 
means of Eclipſes of the Sun, who knew how to 


eſtimate them wich reference to particular Places 


only : ) Yet notwithſtanding, ſo far hath the In- 
duſtry of the later Times advanced this kind of 
Knowledge, that we can undertake to define 
the Moments of Solar Eclipſes for any Places 
whatſoever ; and conſequently to determine whe- 
ther the Moments obſerv'd in every Place, do 
agree with the Moments of the Place defin'd by 
Calculation ; which if they do, the Aſtronomer 
clearly demonſtrates, that the Geographical Po- 
ſition of the Place, as it is defin'd in Charts or 
otherwiſe, is true; otherwiſe that it is falſe. Theſe 
Things the Moderns have perform'd as to the 
Theory: But as to the Practice indeed, as we 
have formerly inſinuated, they have not hitherto 
been able to accompliſn the Deſign. For there 
is requird ſo much Caution and Preciſeneſs in 
this Buſineſs, that before we have a more correct 
Theory of the Moon (and of the Sun too) which 
we will be bold to expect, we ſometime ſhall have 
from Mr. Flamſteeds Obſervations and Sir Iſaac 
«Newton's Theory, we ſhall not be able to make 
ſo accurate a Calculation of Solar Eclipſes, that 
we ſhould promiſe our ſelves much from them in 
the Matter we are ſpeaking of. But this how- 
ever we gain from this New Way of finding E- 
clipſes, that we know how to treat of them more 
Univerſally than we did before; and hope that 
we ſhall more and more make uſe of their Help 
zn the finding the Longitude of Places. | 
Corollar) 
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Corollary (2.) This Longitude of Places may 


be alſo found from the Approach or Appulſe of 


the Moon unto: the Fixed Stars. This is to be 
reckon'd one of the moſt noble Inventions of 
Mr. Flamſteed. For He not only diſcovered that 
from an Eclipſe of the Sun, that is, from the Ar- 
rival of the Moon to the Sun, to be found either 
by Calculation with Parallaxes , or (which he 
thinks the better Way by. far) by Geometrical 
Conſtruction without Parallaxes, the Longitude of 
Places might be dertermin'd ; but he alſo perceiv'd 
that the ſame Thing might be done by the Ap- 
proach or Appulſe of the Moon- unto the Fixed 


— 


Stars alſo; and this with very good Reaſon. For, 


ſeeing there be very many Fixed Stars which are 
ſtuated in the Moon's Path; ſome of which con- 
ſequently muſt not ſeldom be hidden by the 
Moon; (for this kind of Eclipſe is almoſt every 
Day:) Seeing alſo thoſe Stars, by reaſon of their be- 
ing fixed, and unmoved, lie open to the moſt accu- 
rate Obſervations; and after that their Places have 
deen once found in the Heavens exactly, they 
will in a manner remain the ſame, and unvaried 
throughout all Ages; Seeing alſo their Immerſi- 
ons and Emerſions, by reaſon of the Smallneſs of 
their Apparent Diameters, are Momentary, and 
to be defin'd by Points of Time almoſt ; Seeing 
likewiſe the Motion of the Moon with reſpe& to 
Fixed Stars, which are unmoveable, is to be rec- 
kon'd to be greater every, Day than it is with re- 
ſpect to the Sun, which moves to the ſame Part 
with it; And' laſtly, foraſmiich as the Diſtance 
of the Fixed Stars is ſo Immenſe, that not one 


Jot of Diurnal Parallax , which is a Thing that 


{ much difturbs Aſtronomical Computation, is 


to be ſuſpected in this Caſe ; For theſe Reaſons; + 
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the Method of Defining the Terreſtrial Longi- 
tudes, rather by the Arrival of the Moon to the 
Fixed Stars, than by the Coming of the ſame to 
the Sun, is to be eſteemed much more ſafe and 
exact; and excelling it upon this Account in par- 
ticular, chat it affords Opportunity. of doing that 
daily, which in the other way can ſcarce be done 
once in a Year, if ſb often; and conſequently 
cannot chuſe but be moſt acceptable to Sailors 
wandering oftentimes in the vaſt Ocean without 
a Guide. There is another way yet of finding 
out the Longitude, which is by the Eclipſes of the 
Satellites of Fupiter ;.a famous Way indeed, and, 
where the free Uſe of the beſt Teleſcopes may be 
had, by far the moſt Excellent. But this Method 
is liable to ſo many Inconveniences in Ships, 
which are ever moving and tottering, that our 
Seamen do not without Reaſon wiſh that 
ſome other way, over and above this, may, if 
poſſible, be found out, if it may be. Mr. Han- 
ſteeds Induſtry therefore in this Matter is very 
much to be commended; who hath for many 
Years pat empoy'd ſo much Labour and Study 
about determining moſt accurately the Places of 
thoſe Fixed Stars which are about the Way of the 
M-on, and the Geometrical. Calculation of Ap- 
pulſes ; and ſtill goes on to do ſo. The Sum of 
the Macter is in ſhort this : Let a Plane be under- 
ſtood to be placed betwixt the Earth and the 
Fixed Stars, at the Diſtance of the Moon; and 
ſo plac'd.that a Right Line which connects the 
Centers, may be Perpendicular;to it. Let Infinite 
Right Lines alſo be underſtopd to be drawn from 
the Center of the Fixed Star, through that Plane, 
unto the Disk of the Earth, or the greateſt Cir- 
ele; unto the Axis of the Earth; unto all ths 
ara „ 
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; Diurnal Circles, and the other Parts of the Earth. 


Now it is manifeſt, that from thence the Terre- 
{trial Sphere, and all the Circles of the ſame, will 
be projected in that Plane; that by the Lines to 
be drawn through the greateſt Circle of the Earth, 
the Terreſtrial Disk, which is indeed Circular, 
and in every Part round, will be truly repreſent- 
ed; chat by the Lines paſſing through the Axis of 
the Earth, a Right Line; and by the Lines which 
paſs through the Diurnal Circles, or the Paths of 
the Vertexes, Ellipſes will be delineated. It 1s 
alſo to be underſtood, that almoſt all Things will 
be ſo in this Place, with reſpect to the Fixed Stars, 
as they were in the Plane before deſcrib'd, wich 
reference to the Sun. . From. whence. it follows, 
that almoſt the ſame Method is to be kept in find- 
ing the Immerſion or Emerſion of a Fixed Star, 
with relation to the Moon, as was declared before 
under the Solar Eclipſe. This only Difference 
in the Conſtruction being duly obſerv'd, namely, 
that the Semi-diameter of the Terreſtrial Disk in 
this Projection be equal to the bare Horizontal 
Parallax of che Moon, and no more; and the 
Semi-diameter of the Shadow to the bare Semi- 
diameter of the Moon ; foraſmuch as the Fixed 
Stars have neither any Senſible Diameters, nor 
any Diurnal Parallaxes; both which have Place 


in the Sun. Theſe Things, and others of like 


fort, being duly and orderly conſiderd, we may 
in almoſt the ſame Way that we found the Solar 
Eclipſes, find alſo the Eclipſes or Occultations of 
the Fixed Stars by the Moon, to wit, by Geo- 
metrical Conſtruction ; for he that knows to do 
the one, knows to do both. Wherefore there is 
no need that we ſhould proſecute the Matter any 
further in this Place, | 
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Corollary (3.) Seeing in Eclipſes both Lunar and 
Solar, the Parallax of both Luminaries is of very 
great and frequent Uſe; and that we have alrea- 
dy largely treated of the Parallax of the Sun ; We 
judg'd it proper in this place to conſider that of 
the Moon ; ſhewing the Ways of obſerving it, 
and of finding its Quantity. As for the Ways of 
Obſerving, amongſt very many, theſe Two offer 
themſelves as the moſt eaſy to be both underſtood 
and practis'd. (r.) You muſt have the Moon's Place 
computed from the Aſtronomical Tables, for the 
Moment of Obſervation ; and from thence, by 
Trigonometrical Computation, and the Tables of 
Refractions, ſeek how many Degrees and Mi- 
nutes the Center of the Moon will at that time 
be Elevated above the Rational Horizon : Which 
done, in that fame Moment of Time diligently 
and exactly mark the Elevation of the Center of 
the Moon about the Horizon of your Place : and 
this by a very great Aſtronomical Quadrant, 
which is furniſh'd with Teleſcopical Sights. The 
Difference berwixt the Elevation above the Ra- 
tional Horizon, known by Calculation; and the 
Elevation above the Senſible Horizon, found by 
Obſervation, is that Parallax of the Moon which 
belongs to that particular Degree of Elevation: 
Which being given, you will obtain the Horizon- 
tal Parallax by this Analogy; As is the Coſine of 
the Angle of Elevation above the Horizon, to the 
whole Sine: So is the Quantity of your Parallax 
already found, to the Quantity of the Horizontal 
Parallax. (2.) If you would have the Parallax 
without Aſtronomical Calculation, follow this 
Method. By means of a Micrometer applied to 
a Teleſcope, obſerve moſt exactly the Apparent 


Diameter of the Moon, both when it is at the 
| greateſt 
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greateſt Elevation above the Horizon, and when 
it approaches to the Horizon; and let this be 
done the fame Night. You will find the Appa- 
rent Diameter greater in the greateſt Elevation 
than in the leaſt; and from this Difference of 
Diameters given by Obſervation, you may define 
the Entire Difference of the Vertical and Hori- 
zontal Diameter, by the former Analogy. And 
from che Difference now found, which is Propor- 
tional to the Semi-diameter of the Earth, you 
will, by an eaſy Calculation, obtain both the Di- 
ſtance and Parallax of the Moon. Howbeit, 
there are two Things in this way of Obſerving 
to be regarded ; namely, that the Moments of the 
Obſervations be at equal Diſtance from the 
Moon's, whether Perigee or Apogee; that that 
Mutation of Diſtance, which will otherwiſe ariſe 
from che Mutation in the Lunar Anomaly, may 
be prevented, as much as may be: And then, 
that the Moon, when obſerv'd in her lower Po- 
fition, be ſomewhat elevated above the Horizon, 
left the Abundance of Vapours which float about 
the Horizon, weaken its Rays, and ſo render the 
extreme Border or Edge of its Body leſs diſtinct. 
By theſe Means duly uſed you will obtain the 
| Parallax, and conſequently the Diſtance of the 
| Moon. Now as for the Quantity of the Paral- 
; lax; the mean Horizontal Parallax, or that which 
1s betwixt the greateſt and the leaſt, doth, ac- 
cording to very many, and thoſe moſt exact Ob- 
ſervations, conſiſt of about Fifty- ſeven firſt Mi- 
nutes ; andy conſequently the Mean Diſtance 
from the Center of the Earth is about Sixty Semi- 
diameters of the Earth, that is, almoſt 240000 
Engliſh Miles. 8 
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Corollary (4.) From the Method of Calculating 
Eclipſes, there may be alſo deduced the Method 
of finding the Four Cardinal Points of Heaven, or 
the Solſtitial and Equinoctial Points; a Problem 
very frequent, and of ſome Importance amongſt 
Aſtronomers. As for Example; You would find 
the Moment of Time of the Winter-Solſtice of 
this preſent Year 1701. For the obtaining this, 
ſubſtract the Preceſſion of Equinoxes belonging 
to this Year, from the Longitude of the Sun; 
the Remainder will be the Longitude of the Sun 
from the firſt Star of Aries: Then take the Ano- 
maly agreeing to this Longitude out of Streets 
Geo-centrical Table: And for the exhauſting 
this Anomaly, take out of it firſt the Place of the 
Anomaly for the Beginning of this preſent Year; 
afterwards out of the remaining Anomaly, ſub- 
ſtrat the Motion of Anomaly agreeing to the 
Month of December ; and then from the remain- 
ing Anomaly, ſubſtract the Motion of Anomaly 
agreeing to Days, the greateſt that you can; and 
from this remaining Anomaly ſubſtract again, the 
Motion thereof agreeing to Hours ; this alſo the 
greateſt that may be. And laftly, from the little 
Portion of Anomaly now remaining, ſubſtract 
the Motion thereof agreeing to Minutes. Which 
Things being rightly perform'd, you will have 
ſet down for- the Meridian of your Tables the 
Month, Day, Hour and Sexageſimal Part of an 
Hour, in which the Winter Solſtice happens; 
to wit, in this manner ; 
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The Sun's Longitude from _—_ 
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There remains the Sun's 2 g * 
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The Sun's Anomaly agreeing to“ 
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or which is almoſt the ſame here 
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Therefore the Winter-Solftice will happen ac- 
cording to the Caroline Tables this preſent Year 
1701, the firſt of the current Century, on the 
Io Days in December, a little after Mid- night, or 
the beginning of the xxth. If you would have the 
{ame Solſtice ſomewhat more accurately out of 
Mr. Flamſteed's Tables, you muſt work thus: 
Seek the Place of the Sun in the Ecliptic, as you 
were taught above, for the beginning of the A- 
ſtronomical 9th Day of December; and ſubſtract the 
ſame out of 9 whole Signs; that Space which re- 
mains being by means of the Table of the Sun's 
Horary Motion turn'd into Days, Hours and Mi- 

£ 0d nutes, 
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nutes, will ſhew that Interval of Time which ſhall 
paſs betwixt the Beginning of the gth Day and 
the Moment of the Solftice. And you mnft 
work in the fame manner for finding the Sum- 
mer- Solſtice, and the Equinoxes both Vernal and 
Autumnal, or any other Places whatſoever. S0 
that any Point of the Ecliptic whatever being 
given, there is given withal the Moment of Time 
in which the Sun came to that Point in Time 
paſt, or will come unto it in Time to come. [ See 
an Example at the End.] * 

Coroll. (5.) The Eclipſes of the Luminaries 
having been explained in what goes before; it is 
convenient in a few Words to point at the Me- 
thod of Obſerving them, that we may not only 
be able to ſearch for them out of AFronomical 
Tables, but alſo, if Occaſion be, to obſerve them 

with our own Eyes in the Heavens, and ſo to 
prove by Experience the Truth of the Calcula- 
tion. But that I who are leſs experienc'd may 
not ſeem to depend on my own Strength in this 
Matter, I ſhall, for Example ſake, produce that 
Method of obſerving Solar Eclipſes, which the 
Famous Dr. Wallis hath declared was us'd by him, 
and ſome of his Friends, who were Men very 
Skilful in this Matter, and ſhall preſent the ſame 
Method to you in the Words of * the Obſerver 
himſelf epitomiz'd. He then, purpoſing to ob- 
ſerve an Eclipſe of the Sun, took care to have a 
Room very well darkned. Into which thus dark- 
ened, the Rays of the Sun being let in, were re- 
ceiv'd upon -a Board oppoſite thereto ; and this 
Board he had ſo applied to a Teleſcope, that 
when the Teleſcope was direct upon the Sun, 


| R —— 
F Walls Works, Vol. 1. p. 483. 


this 
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this always remain'd Parallel to the Solar Disk; 
that is, he had ſo fitted it to the Teleſcope, that 
the Plane of the Board was Perpendicular to the 


Axis of the Teleſcope. To this little Wooden 


Board he fix'd a Paper or Paſtboard, which con- 
tain'd a Circle of juſt ſuch a Magnitude, that the 
Image of the Sun's Body, which was let in through 
the Teleſcope, would exactly fill it. This Circle, 


which was divided by two Diameters interſecting 


one another Perpendicularly,(whereof one ſhew'd 
the Vertical, the other the Horizontal Circle ; ) 
was alſo in ſuch wiſe divided by other Concen- 


trical Circles, that in every Diameter, Digits and 


Quarters of Digits were diſtinguiſh'd ; a Perpen- 
dicular alſo being hung on, that by the means 
thereof the Vertical and Horizontal Line might 
not in the leaſt be put out of their due Situation. 
Now the beginning of the Eclipſe, although by 


reaſon of Clouds it could not be obſerv'd in itſelf, 


yet from the reſt of the Obſervations appear'd to 
have been Ang. 2. A. D. 1654. 45 Minutes after 
Seven a Clock in the Morning, at Oxford. He 
noted Six increaſing Phaſes of the Shadow, and 


Fifteen of the Shadow decreaſing ; all which are 


delineated in the printed Book. Almoſt ten Di- 
gits of the Sun were Eclips'd ; and this was the 
greateſt Obſcuration ; the Middle of the Eclipſe 
fell a Minute and an half before Nine in the 


Morning: The Moment of the End, which was 


exactly obſerv'd, happen'd in the beginning of 
the 15th Minute after ro. So that the whole E- 


clipſe laſted for two whole Hours, and about an 


half. The Point of Immerſion was in the 22d 
Degree from the Vertical Point of the Limbic of 
the Sun, and towards the Veſt; The Point of 


Emerſion was in the 43d Degree from the 1 
mo 
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moſt Point of the ſame towards the Eat. He 
obſery'd that the viſible Diameter of the Sun was 
altogether equal to the Moon's Diameter : which 
Obſervation contradicted all the Tables which he 
made uſe of ; which he knew thus : He had ſome 
Paſtboard Circles prepar'd before, which were 
of ſomething a different Magnitude one from 
another, and were ſome of them greater, others 
leſs than, and others equal to that Obſervatory 
Circle which repreſented the Disk of the Sun; 
and he found that that particular Circle did the 
beſt agree with the Arch which ſeparated the 
Light from the Shadow, which agreed alſo to the 
Circle by which he made Obſervation. And this 
particular Paſtboard Circle he made uſe of in ob- 
ſerving each Phaſis ; for when the Motion of the 
Shadow was too ſwift to admit any notable Stay 
in delineating ſome one Phaſis, that Paſtboard 
Circle being applied to the Shadow, he imme- 
diately deſcrib'd the Arch in the Margin there- 
of with Lead ; for he judged that by this means 
he ſhould provide better both for making Expe- 
dition and avoiding Confufion, than by noting 
in each Arch, according to the common Uſe of 
Geometricians, three Points, he ſhould leave 
the ſame to be delineated with a Pair of Com- 
paſſes when the Obſervation was over. The 
whole Series of the Obſervation you have deli- 
neated in his Book, to which I refer thoſe that 
are minded to ſee it. 

Coroll. (6.) Seeing we have dwelt ſo long upon 
Eclipſes, their moſt excellent and ſingular Uſe in 
Matters of Hiſtory and Chronology ought not to 
bealtogether paſs'd over in Silence. For as the Ob- 
ſervations of Eclipſes,which had been predicted a 
long Space of Time before, are more than a _ 
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ſand Arguments for confirming and eſtabliſning the 
Credit of Aſtronomical Calculation with the Un- 
learned, as well as the Learned: So likewiſe by 
the Calculation of Eclipſes, as compar'd either 
with the Obſervations of Old Aſtronomers, or 
the Relation of Hiſtorians, we examine the Be- 
ginnings of Ara's and Epocha's, the Courſes of 
Cycles, the Years of Emperors and Kings, and 
the Credit of Hiſtorical Matters; and take upon 
us either to approve and make authentic that 
which was before doubtful, or to reject and diſ- 
card it, as it agrees or diſagrees with our Calcula- 
tion. Hence it is that all Hiſtorians do with ſo 
great Conſent embrace that moſt famous Fra of 
Nabonaſſar, 2 moſt ancient King of the Aſſyrians, 
becauſe it is ſo often verified by Eclipſes which 
cannot deceive us. Hence it is that all the beſt 
Maſters of Chronology are bold to affert that 
the Chriſtian Fra, which hath been us'd for fo 
many Ages paſt, is leſs than what it ought to be 
by three whole Years at leaſt. For whereas it is 


moſt certain, that the Chriſtian ARA, which is 


taken from the Birth of our Saviour, ought to 
begin in the Reign of Herod the Great ; and by 
the Teſtimony of Joſephus an Eclipſe of the Moon 
happened in Fudea a few Months before the 
Death of that Herod ; which ſame Eclipſe the 
Aſtronomical Tables do moſt certainly ſhew to 
have been the Fourth Year before the Chri- 
ſtian ERA, and in the Month of March; It ap- 
pears plain, that there is a great Miſtake in the 
Chriſtian Accounts, and that there is more Cre- 
dit to be given to this one Aſtronomical Crite- 
non, than to the longeſt Tradition. But let ſo 
much ſuffice for the Uſe of Eclipſes in Hiſtorical 


and Chronological Matters. 
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And thus at length we have brought the Theo: 
ries of the Sun and Moon to a Concluſion. . 


Decemb. 1. 1701. 1 


LECT. XVI. 


Choſen Profeſſor, Jan. 8. 170 . 
Admitted Profeſſor, May 21. 1702. 


" A Fter the Contemplation of the Fixed Stars, 

XA. and of the Sun and Moon, the Two chief 
Luminaries of Heaven with reſpe to us ; the 
Theory of the reſt of the Planets next offers it 
ſelf to our Contemplation. And foraſmuch as 
theſe Planets, in reſpe& of the Situation of their 
Spheres, or their being ſome more, ſome leſs re- 
mote from the Center than the Earth is, are di- 
vided into two Claſſes, the Superior and Inferior; 
and the Appearances of theſe two Claſſes of Pla- 
nets are, as to us, not a little different the one from 
the other, and conſequently require to be hand- 


led diſtinctly and ſeparately ; We ſhall, as the 


Order of their Place may ſeem to require, begin 
with the Superior. And here we ſhall not only 
treat of the Planets themſelves, but alſo of the 
{mall Moons which the extended Sight of theſe 
latter Times hath diſcovered about them, and 
whatſoever now offers it ſelf to us in this Part of 
the Heavens. 


The Phænomena of the Three Planets, Saturn, 
Jupiter, and Mars, | - 
3 Pz)hænom. 
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| Phenom. (I.) Beſides their Apparent daily Mo- 
tion, which ariſeth from the Diurnal Circumvo- 
lution of the Earth, they ſeem to be remov'd 
with a proper Motion, and this towards the 
ſame Region of Heaven, to wit, from Veſt to 
Eaſt. | 
20 Mars per forms its Circuit a great deal 
ſooner than Jupiter; and Fupiter a great deal 
ſooner than Saturn. 

(3.) Yet nevertheleſs they tend not towards 
the ſame Part of Heaven continually, but ſome- 
times to the contrary Part, to wit, from Eat to 
Weft. 3 

(4.) Before the Changing of their Courſe they 
ſeem to reſt a while, tarrying for ſome Days in 
the ſame Place. uh 

(5.) The Motion of them all is very unequal ; 
for whether they be direct or retrograde, they 
Ire obſerv'd to be mov'd ſtill with a different Ce- 
erity. e 
41 (6.) The ſwifteſt Progreſs of them all is when 
; WI they are in Conjunction with the Sun; and their 
\- ſwifteſt Regreſs is in the Oppoſition. | 
. (7.) From the Middle of each Regreſs, to the 
1. Middle of the next following Regreſs, there are 
ne in the Courſe of Mars about two Years and forty- 
in nine Days; in that of Jupiter, one Year and 
ly thirty Days; in that of Saturn one Year, and thir- 
he teen Days. So that the Space of the Regreſs in 
fe Mar, is the longeſt of all, in reſpect of Time, in 
nd Jupiter of a mean Length, in Saturn the ſhorteſt. 
of (8.) All theſe Planets do notwithſtanding a- 

gree in this, that they always go back in the Pla- 
ces of their Oppoſition. 


0 (, Mars 
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009.) Mars by his Retrograde Motion meaſureth 
a greater Arch of the Zodiac than Fupiter, and 
Jupiter than Saturn. 

(10.) Yet all theſe Planets do again conſent 
in this, That they ſeem far greater in their 
Oppoſition, when they make their Regreſs, 
than in their Conjunction; which Difference of 
apparent Magnitude is more notable at the ſaid 
Times in Mars than in Jupiter; and in Jupiter 
more notable than in Saturn. 

(11.) Beſides theſe Inequalities, which depend 
chiefly on their Situation with reſpect to the Sun, 
other kinds of Inequalities are obſerv'd alſo in 
theſe Planets ; for ſometimes they appear greater 
and leſs in the ſame Poſition with reſpect to the 
Sun ; and to be mov'd ſometime more ſwiftly, or 
ſometime more ſlowly in the Zodiac. 1 

(12.) Although theſe Planets do contain them- 
ſelves always within the Compaſs of the Zodiac, 
yet they are ſeldom found placed in the Ecliptic 
Line itſelf; but decline ftill a lictle from it, either 
towards the South, or towards the North. 

(r3.) Yet is that Deviation from the Ecliptic 
different amongſt them all, each one having his 
proper and peculiar Declination; for when one 
of them declines to the South, the Two others not 
ſeldom are declining to the North ; When Saturn 
is one Degree diſtant from the Ecliptic, Fupiter 
may be diſtant from it ſcarce a quarter of a De- 
gree, or perhaps be in it; and the ſame is co be 
ſaid of Mars. | 

(14.) The Places wherein theſe Planets cut the 
Ecliptic, do continue almoſt the ſame with re- 
ſpe& to the Fixed Stars; but they go forwards 
continually in the Signs of the Zodiac. 


(x5.) The 


vt oa 
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(t5.) The Places alſo where their true Motion 


js the ſloweſt or ſwifteſt, continue well nigh the 


fame with reference to the Fixed Stars ; but as to 
the Ecliptic, they ſeem to be transferr d in Conſe- 
guent ia. Bp 29% 

(16.) Some of thoſe Planets do by 
ſhew us the entire Surfaces of their Spheres, con- 
trary to what comes to paſs in the Moon ; and 
that in a few Hours Space. 

(r7.) Amongſt theſe three Planets, two of 
them are encompaſs'd with Satellites, (which 
thing is peculiar to them, and agrees not to the 
other Superior, nor to either of the Inferior Pla- 
nets, ſo far as can yet be diſcovered :) Fupi- 
ter hath four Moons about him, and Saturn five ; 
all which afford Matter of Contemplation, and 
require a diſtin& Explication. 

(18.) Saturn alſo, beſides his little Moons, car- 
nes about with him another Appendage, which 
indeed is very ſingular and wonderful ; to wit, 2 
very great and broad Ring, which encloſeth his 
Body on every ſide, and preſents to the Curious 
rery ſurprizing Appearances. 


— 


Theſe are the chief Phænomena of the Superior 
Planets; which we now undertake to Solve in 
the Order propos'd : Contenting our ſelves, as 
we have hitherto done, to produce the true Solu- 
tions, that is, thoſe which are grounded upon the 
Copernican Syſtem ; and not thinking it worth the 
While to ſet our ſelves to explain either the Prolo- 
maic or Tychonic Hypotheſis ; ſince by the Annual 
Parallax of the Fixed Stars, as well as of the Pla- 
tets and Comets, the Copernican Hypotheſis is be- 
ond all rational Contradiction ett liſh'd to be 
the true Sy ſtem of * Before this indeed, 

5 - 8 | tO 
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to expound one of thoſe Hypotheſes, the latter 
eſpecially, for the former was otherwiſe found to 
be inſufficient, was a thing excuſable ; but to 
go about to do it, at this time; and now the 
Truth is found, to puzzle our Brains with fictiti- 
-ous Schemes, is an Undertaking both unworthy 
of, and ſomewhat unaccountable in any Reader 
of Aſtronomy. 


Phænom. (1.) Beſides the Apparent daily Riſing and 
Setting of theſe Planets, which ariſe from the Diurnal 
Circumvolut ion of the Earth; they alſo ſeem te go from 
Weſt to Eaſt, and to perform their entire Circuits to- 
Wards that laſt Region of the Heaven:. 

Solut. That we ſhould aſcribe the daily Motion 
of theſe and the Stars in general to the Diurnal 
Circumvolution of the Earth, freeing the Hea- 
vens from that incomprehenſibly ſwift and even 
incredible Motion which otherwiſe they muſt 
have ; and making their Motion to be only Ap- 
parent, is according to the Nature of Things, 
( how contrary ſoever it be to the Prejudices of 
our Senſes,) and carries nothing in it, as we have 
before intimated, but what Men have daily Ex- 
perience of here upon the Face of the Earth it 
ſelf; where, like as the Latin Poet hath it: 


Whilſt we are mov d, we, as it ſeems, ſtand ſtill: 
The Strand and Hill leaves us, not we the Hill. 


But having ſpoken of this before, we go on to 
the proper Motion of the Planets. And if they 
had not this, they, by the attractive Force of the 
Sun, would be drawn preſently to the Solar Body, 
and there abſorp'd. A Motion therefore, which 
1s proper, that is, which is true, and not AppArens 


Aſtronomical Lectures. 197 


or deriv'd only from the Circumvolution of the 
Earth, all the Planets have. But then indeed, 
that they ſhould all be carried towards the ſame 
Region of Heaven, that is, from Vet to Eaft, 
there is no Neceſſity for this in Nature; and it is 
a thing which is to be aſcrib'd only to the Will 
and Good Pleaſure of the Almighty and All-wiſe 
Creator; as we have obſerv'd elſewhere in its 
proper Place. (N. T. p. 29, 30.) 


Phænom. (2.) Mars 4 found to perform bis whole 
Circuit in a great deal leß Space of Time than Jupiter; 
and Jupiter in a much leſs Time than Saturn. 

Solut. This ariſeth from their-unequal Diſtan- 
ces from the Sun, which is the common Center; 
which Thing muſt needs make the Peripheries of 
their Orbits unequal, and this in proportion to 
the Ditance ; for if the Circular Path of one 
Planet be four times greater than that of another 
is, it is no wonder that the Periodical Time of 
the firſt ſhould be greater than that of the 
ſecond. Only it is to be noted, that the Periods 
of the Planets are not preciſely in that Proportion 
amongſt themſelves as are the Circles which they 
deſcribe ; nor indeed are the Area's of thoſe Cir- 
cles ſo, but in a certain intermediate Proportion, 
which is to be defin'd out of Sir Iſaac Newton's 
Philoſophy : and therefore I refer the Conſidera- 
tion of it to another Place; contenting my ſelf 
at preſent with pure Aſtronomy. 


Phznom. (3.) Net this notwithſtanding, they are 
not continually carried towards the ſame CoaFt of the 
Heavens, but ſometimes tend to the contrary Part, to 


wit, from Eaſt to Weſt, | 


198 Aſtronomical Ledures. 
Solut. For the Solving this moſt known Phæno- 
menon, but one that is moſt difficult to be Soly'd in 


the Old Aſtronomy, take the following Diagram, 


F | 


Let A be the Sun itſelf, the Common Center of 
the Planetary Syſtem; the leaſt Circle MB 2 — 


1 
E 
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Annual Orbit of the Earth, or the Orbe Magnus, 


in which the Earth bends its Coufſe from M by 


G unto B; that is, from We# to Eaſt continually. 
Let the Middle Circle QR S be the Orbit of 
ſome One of the Superior Planets, which you 
will; in which it is moved from Q by R to S; 
that is, from Vet to Eat, and this continually, 
and with an uninterrupted Courſe, as the Earth 
doth, performing each Circumvolution in a cer- 
tain Period of Time. Let the Outermoſt Circle 
TUX, which is placed as it were at an immenſe 
Diſtance, repreſent the Sphere of the Fixed Stars; 
theſe being the Local Points, in reſpe& of which 
we determine the Directions, Stations and Retro- 
gradations of the Planets. Let alſo the Motion 
of every Planet, and of the Earth alſo rowards 
the ſame Region, be almoſt even, and without 
any ſenſible Acceleration or Retardation. Theſe 
things being ſuppos'd, it is to be ſhew'd, that all 


the Superior Planets, although they always bend 


their Courſe the ſame way, and with an almoſt: 
uniform Velocity; and although to an Eye pla- 
ced at the Sun, they would appear to be carried 


with a perpetual - Courſe from Met to Eait ; yet 


as to the Earth, or to an Eye placed on the Sur- 
face of it, they muſt ſometimes appear far other- 
wiſe; and this in ſuch ſort, that they ſhall be ſeen 
not only ſometimes to move ſlowly, ſometimes 
to be at a full Stand, but alſo otherwhiles to be 
carried the quite contrary way to what they re- 
ally go. For let the Earth be placed at M, when 
Tupiteris found at C; whilſt Jupiter is moved from 
C to R, in his proper Motion, and conſequently - 
deſcribes the Arch CR about the Sun A; the 
Earth, becauſe its Angular Motion is by far the 
ſwifteſt, will deſcribe he Arch M G, which Pa 

| 1 | L 
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far greater; likewiſe whilſt Jupiter deſcribes the 
ArchRE, the Earth, for the Reaſon aforeſaid, 
will deſcribe the Arch G B. Both of them there. 
fore do continually move the ſame way, and this 
from Weñ to Eat; and he that ſhould fee them 
from the Sun, would behold them both as moving 
the ſame way always, and ever paſſing in Conſe- 
quentia. But upon the Face of the Earth they 
muſt needs be otherwiſe beheld. For when the 
Earth deſcribes the Arch MK, Jupiter will in- 
deed ſeem to go forward a little; yet will it not 
be ſeen from the Earth to be advanc'd by the ſame 
Angle, as it would from the Sun. But yet whilſt 
the Earth goes over the Arch K G, Jupiter, al- 
tho he be really gone forward, will plainly ſeem 
retrograde, and to have gone from the place F 
to the place O. And in like manner, the Thing 
will feem whilſt the Earth deſcribes the Arch 
GD, and Jupiter the Arch RE, moving each one 
and the fame way. For the Earth being now in 
the Point D, to thoſe that from thence behold 
the Stars, Fupiter, will appear to have mov'd in Au- 
Fecedentia, and to have gone back from O to H; 
until at length the Earth tending towards B, 
Fupiter will again appear to go forward a little, 
and will haſten his Courſe towards the Conſe- 


guent Signs daily more and more. 7 


Phænom. (g.) The Superior Planets, where they 
are about to change their Courſe, halt a little, and ſeem 
to and fill for ſome Days in the ſame Place.” 
Solut. The Reaſon of this appears out of the 


foregoing Diagram, and the Explication thereof, 
For ſeeing theſe Planets,” which are for the moſt 
part carried in Conſequentia, are ſometimes mov d 
contrary -wiſe, or in An tecedemtia; It myſt needs 


7) 


„ Fr. OY 
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be, that from a certain Equilibrium of the Moti- 
ons, when they are about changing, they ſhould, 
as to Senſe, neither go one way nor other; and 
conſequently ſhould appear to ſtand ſtill in the 
fame Place, or become Stationary. So alſo in 
the mean while that the Earth approaches unto 
the Point R, or moves a little from the Point D, 
the Inhabitants thereof will behold Fupiter for 
ſome Days, as ſtanding ſtill about the Points 
For H. . ; wer? 


Phænom. (5.) The Motion of theſe Planets n very 
unequal ; for whether they be direct or retrograde, they 
are obſerv d daily to be mov'd with a mutable and va- 
rious Celerity. © © | 
Solut. Seeing the Apparent Motions of the 
Superior Planets do ariſe from a Combination of 
their own proper Motions, with the Motion of 
the Earth, in which the ſame Motion is ſome- 
times to be added, and ſometimes to be taken a- 


Motion, nor that of the Earth exactly even, as 
will afterwards be ſhew'd ; ſeeing, laſtly, theſe 
Motions, which in themſelves are ſomewhat un- 
equal, arc in divers Manners, and in Proportions 
very various compounded together, whether it 
be by the way of Addition or SubſtraQtion ; It is 
reaſonable to think that theſe apparent Motions 
ſhould be very various and different, and ſome- 
times ſwifter, ſometimes lower. 

Phænom. (6:). Te Progreſs of every one of the 
Superior Planets &ſwifte#t in Conjunction with the Sun i 
and their Regreſs @ the ſwifteſt in the Oppoſition, 
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Solut. This comes to paſs. from hence, that the 
apparent direct Motion of the Planet, when in 
Conjunction, ariſeth from the Sum of the Moti. 
ons of the Planet it felf, and of the Earth, which 
do at that time bend their Courſe directly con- 
trary to each other; as the direct Motion, or 
Motion in Conſequentia, which is in the Octant 
K G, is contrary to the direct Motion which is 
in the Diametrically oppoſite Octant. And in 
like manner the Swiftneſs of the Regreſs in the 
Oppoſition plainly proceeds from the great Ex- 
ce ſe, whereby the Motion of the Earth exceeds 
thac of the Planet, and the Earth's being at that 
time ar the leaſt Diſtance from the Planet, from 
theſe Circumſtances, as taken in Conjunction 
with the Paralleliſm of . the Motions of both the 
one and the other which then is; the Propoſition 
will be abundantly manifeſt to him that through- 
ly conſiders the Matter. 


Phenom. (.) From the Middle Part of each Re. 
greſs of Mars, to the Middle Part of the Regreſs next fol. 
lowing there paß about two Years and Forty-nine Days: But 
in Jupiter, from the Middle of one Regreſs, to the Mid. 
dle of another, there paſſeth One Year and Thirty-thre 
Days; and in Saturn à leß Space of Time yet, to wit, 
One ſingle Year and but Thirteen Days. 

Solut. This is, becauſe as often as the Earth by 
its more ſwift Motion "overtakes the Planet, ſo 
often each of the Superiors becomes retrograde. 
But it is a thing manifeſt, that it will ſooner and 
more frequently overtake a ſlower Planet than it 
will do a quicker. It is therefore no wonder, 
that the Earth ſhould by how. much the higher 
one of theſe Superior Planets is, ſo much the 
ſooner and the oftner overtake the ſame, 2 

render 
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render it to appearance Stationary and Retro- 
grade. 


Phznom. (8.) Nie all theſe Superior Planets agree 
in this, That they always make their Regreſs when the 
Earth i interpos d betwixt the Sun and them. 

Solut. Seeing the Regreſs of the Planet depends 
wholly upon the Situation of the Earth with re- 
ſpec to the Sun and the Planet; and ſeeing, as 
was ſaid before, the Regreſs is moſt notable in 
the very Point of Oppoſition ; it muſt needs be, 
that the Middle Part of the dire& Motion ſhould 
fall in the Conjunction, and the Middle Part of 
the Regreſs in the + Oppoſition. And here 
it is proper to note how ſtrong an Argu- 
ment for the Annual Motion of the Earth is ta- 
ken from this Direction, Station and Retrograda- 
tion of the Planets ;- and that upon this Account 
particularly, that theſe Motions were always ob- 
ſerv'd wholly to reſpe& the Situation of the Pla- 
nets to the Sun. For that the Middle Directions 
do happen in the Conjunctions, the Stations in or 
about the Octants, the Middle Retrogradations in 
the Oppoſitions ; and that they always fall thus, 
and never at other times, is a thing which neither 
is nor can be denied. Hear Fromondus, one who 
was averſe enough to the Annual Motion of the 
Earth 5 © The Annual Motion of the Earth, ſanb 
be, is maintain'd by the Copernicans by no Argu- 
ment more probable and ſpecious than that of 
the Station, Direction and Retrogradation of 
#, the Planets. 
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LECT. XVI.. 


Phæn. (9.) ARS in bi Retrograde Motion 
| | runs over a greater Arch of the 
Zodiac than Jupiter, and Jupiter a greater than Sa- 
turn. | 

Sol. Seeing the Regreſs of the Planets is whol- 
ly owing to this, that their Motions are not be- 
held from an unmoveable Center of their Moti- 
ons, but from the moveable Earth ; it is manifeſt 
that the Quantity of the Regreſs is proportionate 
to the Diſtance from the Earth, in ſuch Sort that 
by how much the nearer any Planet is to the 
Farth, ic will ſeem ſo much the more to be 
chang'd by the Motion of the Earth. If a Pla- 
net was ſituate at that Diſtance from the Sun, that 
the Semi-diameter of the Magnus Orbis did bear 
an altogether imperceptible Proportion to the Se- 
mi · diameter of the Orbit of the Planet, we were 
to expect an Effect no leſs imperceptible, and 
that it would not ſeem to change its Courſe at all, 
much leſs to go hack one Step. But on the contrary, 
ſappoſing the Planet to be very near to the Earth, 
and that the Semi-diameter of its Orbit doth not 
much exceed in Length the Semi-diameter of the 
Orbis magnus, the Arch of its Regreſs will be 
very great indeed, and coming up almoſt to 2 
Semi-circle. '-In which Place it is requiſite to 
note, that there is a certain Limit of the Plane- 
tary Regreſs ; and that it never exceeds ſix Signs, 
but may nevertheleſs reach unto almoſt ſo many, 
and ſo may become leſs and leſs ; to wit, as the 
Orbit of the Planet is the greater. And thus the 


Phænomenon is ſolv'd, for the Orbit of Mars is 
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next to the Earth, the Orbit of Jupiter next to 
that, and that of Saturn the moſt remote of 


as, 


Phznom. (10.) All the ſuperior Planets agree in 
this, that they ſeem far greater in their Oppoſitions, at 
which time they make their Regreſs, than in their Con- 
junctions when they go forward. Which Difference of 
apparent Magnitudes is greater in Mars than in Jupi- 
ter; and in Jupiter than in Saturn. 

Solut. From what goes before it appears that 
the Earth comes nearer to theſe Planets in the 
middle of their Regreſſes, than it doth in the mid- 
dle of their Progreſſes, by an entire Diameter of 
the Orbis magnus. Wherefore ſince the apparent 
Diameter of any Star is well nigh reciprocally 
proportional to the Diſtance of the ſame; and 
conſequently the apparent Area or Diſcus is almoſt 
in a duplicate reciprocal proportional to the 
Diſtance : It muft neceſſarily be that theſe Pla- 
nets ſhould appear much greater both in Diame- 
ters and Area's, and alſo as to Light and. Splen- 
dor in their Oppoſitions , at what time they are 
retrograde, than in their Conjunctions, when 
they go forward. And then becauſe the Diame- 
ter of the magnus Orbis bears à greater Proporti- 
on to the Diſtance of Mars than it doth to that 
of Jupiter, and a greater Proportion to the Di- 
ſtance of Jupiter, than it doth to that of Saturn. 
It muſt neceſſarily obtain a greater Effect in in- 
creaſing the apparent Magnitude of Mars than of 
Jupiter, and of Jupiter than of Saturn. 


Phenom. (11.) Beſides theſe Inequalities, in re- 
ſpect of which the Planets are ſaid to be Direct, Statio- 
nary, and Retrograde; there are alſo obſerv d Inequali- 
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ties in them, which are plainly of another Sort; for iy 
the very ſame Poſition, as to Conjunction with the Sun 
or Oppoſition to it, they are obſerv d to be greater or leſ- 
ſer, and to be mov d 4 more ſwiftly and ſome- 

thing more ſlowly in the Zodiac by turns. 
Solut. We have hitherto treated of thoſe Pla- 
nets as if they were all, and the Earth alſo, 
mov'd with an even uniform Motion, and in Cir- 
cles concentrical to the Sun, without any true 
Eccentricity or Inequality of Motion. But in 
that Suppoſition the preſent Phænomenon cannot 
be accounted for. That in the very fame Aſpect 
to the Sun there ſhould be the preſent Sorts of 
Inequality , that there ſhould be this Difference 
in apparent Magnitude and Motion betwixt one 
Conjun&ion and another; and ſo of the other 
Aſpects, can ariſe from nothing elſe than the Di- 
verſities of the true Diſtance and Motion of one 
and the ſame Planet ; and conſequently theſe A- 
nomalies can be reſolv'd into nothing elſe as their 
Cauſe, than the Eccentrical Orbits of the Pla- 
nets, and their unequal Courſe in the ſame Or- 
bits. The moſt famous Kepler was the firſt that 
made it out, that the Courſes of the Planets are 
not Circular but Elliptical ; he proved over and 
above from Aſtronomical Phænomena, that the 
Sun doth poſſeſs not the Center of the Ellipſis, 
but one of the Foci. From the ſame Phænome- 
na he clearly demonſtrated, that the Planets are 
carried along their Orbits according to this cer- 
tain Rule ; namely, That by the Ray's drawn 
from them to the Sun they deſcribe Area's exact- 
ly proportional to the Times ; and conſequently 
that they are mov'd forward with a real angular 
Motion, which is by ſo much the more ſwift by 
how much the nearer they approach to the Sun ; 
an 
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and ſo much the more flow, by how mueh the 
more they recede from the Sun. All theſe Things 
that famous Reſtorer of Aſtronomy demonſtra- 
ted. But this in a Mathematical Way only, and 
without reaching unto the Phyſical Cauſes of 
theſe Things ; in which he has been vaſtly ex- 
ceeded by the Illuſtrious Sir 1/aac Newton, who 
hath diſcovered and demonſtrated theſe Things 
not only 4 poſteriori, but 42 priori, and from the 
very Laws of Nature. 


Phznom. (12.) Altho* the ſuperior Planets do al- 
ways contain themſelves within the ws jg of the Zo- 
diac , yet they are ſeldom found placed in the Ecliptic 
Line, but decline a little from it for the moſt part ; 
ſometimes to the North, at other times to the South. 

Solut. It muſt needs be that they ſhould con- 
tain themſelves within the Limits of the Zodiac ; 
ſeeing the Zodiac is only that imaginary broad 
Circle which takes in all their Excurſions ; for it 
being by che conſtant and perpetual Obſervations 
of Aſtronomers found, that they wander'd thus 
far to the North and South, but not one Jot further ; 
that broad Circle which they conceiv'd to com- 
prehend all theſe Evagations they call'd the Zo- 
diac. But then, why there ſhould be Occafion 
for ſuch a broad Circle; why all the reſt of the 
Planets ſhould not hold the ſame Courſe with the 
Earth, and be mov'd in the Plane of the Ecliptic- 
Line, or indeed why they ſhould doſo, no certain 
Reaſon can be aſſign'd. For the Orbs of the Planets 
are not connected together with any common 
Bond; and the Orbs of the reſt of the Planets have 
no more Dependance upon the Orb of the Earth, 
than that of the Earth hath upon them ; and the 


Plains wherein they are mov'd might have any 
"2 | _ 
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Situation and Inclination to each other whatſoe: 
ver, ſo they all paſsd through the Center of the 
Sun, for any Reaſon in Nature that can be pro- 
duc'd to the contrary. We muſt therefore take 
the Matter as we find it: An Inclination to each 
other thoſe Planes have. And the Orbs of the 
reſt of the Planets are oblique to the Orbit of the 
Earth, (unto which, becauſe it is our own we 
are wont to refer all the ret : ) Howbeit this Ob- 
liquity of Inclination is limiced within the Com: 

als of a few Degrees. The Planes therefore of 
the Orbits of the reſt of the Planets interſect the 
Orbit of the Earth, and one another alſo, in 
common Interſections or Lines of Nodes, which 
all paſs through the Center of the Sun. And 
thus we have the Orbits of the reſt of the Planets 
divided into their Northern and Southern Part by the 
Ecliptic. And ſo when a Planet is placed at ei- 
ther of the Nodes, it will be ſeen in the Eclip- 
tic, the Nodes being common to the Ecliptic and 
its own Orbit ; when it goes forward in its pro- 
per Orbit, from the aſcending Node, which is 
that which leads from the Southern to the Northern 
Part, the Planet then leaves the Ecliptic Line, 
and becomes ſubject to Northern Latitude; which 
Latitude increaſeth every Day more and more, 
until the Planet be arriv'd unto the Northern Li- 
mit ; from which Place; as being the Place of 
the greateſt Latitude, the Planet, whilſt it ſtill 
proceeds in its proper Courſe, doth daily more and 
more diminiſh its Latitude, and thus continues 
to do until it be come unto the deſcending Node; 
from whence ſtill continuing its Courſe, it firſt 
gradually increaſes, and then in the ſame Man- 
ner diminiſhes its Southern Laticude, like as it did 


before, in the Northern Part, untill at length, it 
: 
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he arrived to the aſcending Node again; and 


thus perpetually holding on its Courſe, it will be 
perpetually repeating its Revolution, ſo long as 
it ſhall pleaſe God the preſent Syſtem ſhall conti- 
nue. ; | | | | * 2933/41 ; Ae? 
Phænom. (14:)- The Deviation of every Planet 
from the Ecliptid is proper and peculiar to it ſelf ; for 
when one of them declines to the South, the other tuo 
very commonly decline in the mean 2yhile to the South; 


ben Saturn is one Degree diſtant from the Ecliptie, 


Jupiter may be hut 4 Quarter of 4 Degree from it. 
And the ſame it to be underſtood of Mars. 2.3 
Folut. This is nothing ſtrange, ſeeing their 
Orbits are independent on each other, as well as 
they are independent on the Ecliptic. It is ra- 
ther to be wonder'd that they do fo little decline 
from each other, and from the Ecliptic; And 
that they are not mov'd with contrary Courſes; 
thete being no Reaſon in Nature to be aſſign d 
why they are not; as we have ſaid more than once. 


| $1 J | , . 1 
Phænom. (14.) The Nodes of the Orbits of theſe 
Planets abide always in almoſt the ſame Places with 
reſpect to the fixed Stars; but with reſpect to the Sighs 
of the Zodiac they go forward continually. | 
Solut. As for the Motion of the Nodes, all A- 
ſtronomers before Street, the famous Author of 
the Caroline Tables, . aſſerted it to be real. Even 
the Copernicans, who cut off a great many Moti- 
ons aſcribed to the Stars — by the Moti- 
on of the Earth, and the Preceſſion of the Equi- 
noxes, yet allow'd theſe Nodes à real Motion; nor 
indeed could they do otherwiſe, while they were 
taught by all the Books of Aſtronomers, not on- 
ly that the Nodes of theſe Planets were mov'd, 
Aale P bus. 
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but that they were alſo mov'd very unequally, 
and in divers Manners; yea; and that it was not 
certain whether ſome of them were not mov'd 
backward, whilſt others were mov'd forwards. 
Which Things indeed, if they were fo, their Mo- 
tions were not to be reſolv'd into any one com- 
mon Caufe. But, as we have already intimated 
more than once, Mit. Street, a Man very well 
exercis d in theſe Things, by comparing the Ob- 
ſervations of the Ancients wich thoſe of the Mo- 
derns, hath demonftrated that thoſe Obſervations 
do better agree with Aſtronomical Tables, and 
Calculations , when he ſupposd the Nodes to be 
immoveable, as to the fixed Stars, than in others. 
Which Diſcovery ſerves as a great Compendium 
in, and turns much to the Benefit and Improve- 
ment of true Aſtronomy. Thoſe Motions with 
wich they ſhould otherwiſe: be much perplex'd, 
being now underſtood to anſwer exactly to the 
ſeeming Motion of the fixed Stars themſelves, 
and conſequently to be only in Appearance and 
to be reſolv'd into the Preceſſion of the Equinox, 
the Direction and determinate Quantity whereof 
we very well know. But now if any one ſhould 
demand the Cauſe of this Reft of the Nodes, the 
Anſwer may be ready enough; namely, That 
there is no Cauſe why they ſhould be mov'd ; it 
being a conſtant and perpetual Law of Nature, 
that every Thing ſhould perſevere in its preſent 
State, unleſs there be ſome poſitive Cauſe which 
ſhould remove it therefrom. f 


Phænom. (16) Toſe Places ' of theſe Planets, 
where their Motion is the ſloweſt or the ſwifteft, art 
continually the ſame, as to the fixed Stars ; but as to tht 
Ecliptic they ſeem to be transferr'd in 1 — 
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 Syſut. This ig connected wich the foregoing. 
For the quickeſt: Motion and the ſloweſt. are. in 
the Apſides reſpeively ; in the Perihelium and 
Aphelium; but if the Nodes be unmoveable, the 
Places of the Apſides alſo and the whole, Orbit 
are immoveable. But this, IJ. confeß, is 49, be 
underſtood only of the primary Plagets, (and 
they are the primary Planets which we are ſpeak- 
ing of ) and is not to he extended to the Secon- 
.dary ; the Nodes of whoſe Orbits (as will be 
ſhew'd afrerwards) go back yearly, whilſt their 
Apſides go forward. There are. allo, I acknow- 
ledge, ſome Mutations of Place and Morion in 
both the Nodes and Apics of the Orbs of the 
primary Planets; but theſe are ſo very ſmall, that 
they are ſcarce at all ſenſible ; for which Reaſon, 
as well as becauſe they do not affect the preſent 
Matter, nor contradict the general Intention of 
the Aſſertion concerning the reſt of the ſaid 
Points, I here paſs them by, referring the Con- 
ſderation of theſe Niceties, to a more proper 
Nac. Steer | 


Phænom. (450. Some of theſe Planets ſhew gra- 
dually and ſuceſſiely almoft all the Surfaces of their 
Spheres,” contraxy to what comes to paſs in the Moon; 
and this they da in the Space of a few Hours. 
Solut. It is, to be @þſerv'd, that Aſtronomers 
have generally ſaid, t the Moon which doth 
always turn go vs almoſt one and the fame Face, 
doth hereby ſhew that it is not turn'd about its 
own Axis: Whereas ic ought rather thence to bg 
ſaid that it appears that the Moon is ſubje& to a 
diurnal Motion, or that which is about its own 
Axis, which, as hath been faid before in its Place, 
is exactly equal to the menſtcpsl, becauſe it doth 
TW 2 
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always ſhew us the ſame Face. For it is a thing 
moſt certain, that a Globe which is mov d in 
any kind of Line whatſoever, without the leaſt 
Rotation about its own Axis, will not only be 
carried according to the Direction of that Line, 
and have each Part of its Surface always looking 
to one and the ſame Part or Coaſt of Heaven, 
but will therewith always proceed with its Ax- 
is parallel to its ſelf. So that if you! ſuppoſe this 
Globe to be in this wiſe carried- about the Sun; 
the Sum it ſelf being alſo ſuppoſed to be without 
any Revolution about its own Axis; in this Caſe 
an Eye placed in thie Sun will as well ſucceſſive- 
1y ſee all the Parts of the ſpherical Surface of the 
Globe, 'as an Eye placed in the Globe will ſuc- 
ceſſively ſee all the Parts of the Surface of the 
Sun. And thus both in one Globe and the other, 
the Spectator, going by the Judgment of his Sen- 
ſes, will be ready to aſcribe a diurnal Revoluti- 
on, or that which is about its own Axis, to the 
celeſtiaE Globe which he looks at; and he that is 
in the Sun to attribute to the Planet alone, a Re- 
yolution about its own Axis perpendicular to the 
Orbit which ſeems to be deſcrib'd; which he 
that is in the Planet will attribute to the Sun on- 
ly. For this Reaſon therefore that which was 
ſaid in the Propoſition, to wit, That ſome of the 
ſuperior Planets do ſucceſſively ſnew all or almoſt 
all the Parts of their Surfaces; doth in no wiſe 
preſently inferr that theſe Planets are turn'd about 
their own Axes. Which thing was requiſite to 
be diſtinctly obſerv'd. But then indeed the an- 
nex'd Clauſe in the Propoſition, to wit, [ and 
they do this in the Space of a few Hours] doth 
neceſſarily inferr the diurnal Revolution of thoſe 
Planets: For that a Planet ſhould ſhew - ws 
| arth 
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Earth all the Parts of his Sphere ſucceſſively in 


the way juſt now explain d, and without any 


Revolution about his own Axis, is what cannot 


come to paſs in any leſs Space of time, than that 
of an entire Revolution about its own Orbit, or 


the Space of one:of the Years of that Planet, of 


what length ſoever its Years be; as ſuppoſe if we 
ſpeak of Jupiter, Fupiter could not do this thing 
to the Earth without a Revolution about his own 
Axis in leſs than one of his Years, or almoſt 


twelve of the Years of the Earth; which is a 


Space of time very far different from that of a 
few Hours. The Propoſition therefore, as it was 


ſtated, which is the true State of the Phenome- 


non, neceſſarily, infers and argues a diurnal Re- 
volution in the Planets there intended. But there 


remains yet that Limitation [almoſt] where it is 


faid in the Propoſition | they ſhew ſucceſſively 


almoſt all the Parts of their Spheres] to be ſpo- 


ken to. As concerning which, it is to be noted, 
that the Quantity of the Spherical Surface which 
is turn'd to us, depends altogether upon the Situ- 


ation and Poſition of the Axis of the- diurnal 


Motion. For if that Axis be perpendicular to 
that Plane wherein we are, i. e. to the Plane of the 
Ecliptic, it is certain that we ſhall in the Space of 


one entire Revolution ſee the whole Surface of 


the Planet: But if it be not perpendicular to that 
Plane of the Ecliptic, but parallel thereto, the 
Planet will never ſhew to us, who are, as it were, 
in the Prolongation of its Axis , any more than 
one and the ſame half of its Sphere, any further 
than the annual Motion may ſomething alter the 
Caſe ; but then laſtly if the Axis of the diurnal 
Motion be neither perpendicular to the Plane of 


the Ecliptic, nor parallel thereto, but betwixt 


P 3 both 
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both, we ſhall fee more than one Hemiſphere in 
the Space of one Day, but not the whole Sphere. 
Por thoſe Parts of the Surface which are aboſſt 
the remoter Pole, and if I may fo ſpeak, within 
Aa certain Antartick Circle, correſponding to 
ours, will lye behind, hidden from our Sight; 
until the Planet in the Courſe of its annual Mo- 
tion too, doth after a long time ſnew them to us; 
hiding from our Eyes at the ſame Time the Parts 
about the other Pole which we ſaw before. 


Fune 8. 1702. 
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Phænom. (17.) F theſe three ſuperior Planets, 
4 8 two of them, Jupiter and Sa- 
turn, are furniſh'd and encircled with Satellites, Fapi- 
ter with four, Saturn with five," which do go about 
them always and every where as inſeparable Attendants, 
and ſhe to us divers Phenomena, + 
Solut. It is in this Propoſition ſuppos'd and im- 
ply d that theſe Satellites, beſides their proper Mo- 
tions about their primary Planets reſpectively, 
which we may call their monthly Motion; and 
beſides a diurnal Motion about their own Axes, 
which it is reaſonable to ſuppoſe may belong to 
them, or to ſome of them at leaſt, as well as to 
the Moon; have alſo an annual Motion, which 
is common to them with their Primaries, and that 
"each of them performs a Circuit about the Sun 
together with his Primary; and that theſe ſecon- 
dary Planets are to be underſtood to be included 
and comprehended in what things have for the 
general been ſpoken of their Primaries reſpective- 


ly 
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ly (a due Allowance and Caution, as the Na- 
ture of the Thing requires, and will of it ſelf 
dictate, being always to be obſerv'd:) And ſo, 
that what hath been ſaid of thoſe Two primary 
Planets, of their proper Courſe from Weſt to Eaſt, 
of the length of the Periods of their Revolutions, 
of their Direction, Station, Retrogradation; of 
the Inequality of their Motion, and the Times 
and Places of their ſeveral Inequalities; of the 
Length or Shortneſs of the Arches of their Re- 
greſs; of their Real Mutations, depending upon 
the Eccentricity of their Orbits; of their Decli- 
nation from the Zodiac; of the Nodes and Ap- 
ſes of their Orbits: All theſe Things are to be 
applied to the Secondary Planets alſo reſpectively, 
when we confiter them together wich their Pri- 
maries, and as making one Syſtem with chem. 

This being plainly imply'd in the Propoſition, 
we may fave our ſelves the labour of making any 
more particular Application of thoſe genetal and 
common Affections to the Secondary Planets, 
which we have now in hand; and what remains 
is, that we, as our Propoſition leads us, ſhould 
now deduce the Specialities of theſe Moons; and 
in theſe Subordinate Propoſitions enumerate their 
peculiar Phanomena, to be afterwards orderly 
Solv'd by us according to our wonted Method. 


Phenom. (T.) The Secondary Planets, both of 
Jupiter and Saturn, do fall fo ſhort of their Prin- 
cipals in reſpe& of Magnitude, that before the 
Uſe of Teleſcopes, which was not until the laſt 
Age, they were wholly unſeen and unknown to 
us. 

(2.) The Moons as well of Jupiter as Sat ru, 
do not always offer themſelves to the fight of aim 

P 4 that 
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that looks th rough a Teleſcope, but do ſometimes 
wholly lie hid. | | 
(z.) Theſe Moons in general are each of them, 
on both Sides its Principal; that is, are ſo ſucceſ. 
ſively, and as being plac'd ſometimes on the Left- 
hand, ſometimes on the Right-hand thereof. 
(4.) Theſe ſmall Planets in general are conti- 
nually changing their Apparent Diſtances from 
their Principals, and wander from them ſeveral 


Ways. | | | 

(5.) Every one of them hath its certain Limits 
of Excurſion, which it never goes beyond, and 
which are alſo altogether diverſe from the Limits 


22 


Eaſt tO Weſt. | | | on wy 5 

(7.) Their Periodical Times in which they re- 
turn to the ſame Place in reſpe& of their Princi- 
pals, are the longer, when the Limits of their 
Excurſions are the larger, and their greateſt Elon- 
gation greater than that of others. 

(8.) They are often ſeen not only without the 
Plane of the Ecliptic, but alſo without the An- 
nual Planes of their Principals, and declining 
from both a little, either to the North or Soutb. 
9.) Yet this notwithſtanding, the Circum- 
jovials, appear amongſt themſelves in almoſt the 
ſame Plane, which alſo is proper ro them ; and 
the Circumſaturnials likewiſe have a peculiar 
Plane, in which they almoſt all of them are. 

(co.) The greateſt Elongation of every Secon- 
darv. from its Principal, remains always, almoſt 
the fame and unvarizd ; nor are theſg little Pla- 
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nets ſubject to any conſiderable Variation in this 
reſpect. | TS e 

Theſe are the particular Phzxnomena's unto the 
Solurion of which we now come; Only giving 
this Advertiſement by the way, that under the 
Name of Secondary Planets, we only intend thoſe 
Secondary ones which are about Fupiter and Sa- 
turn: For although the Moon, ſpzaking properly, 
be a Secondary Planet, as well as they-; yer be- 
cauſe, for many Reaſons, this Planet requires a 
peculiar Conſideration, and is to be diſtinctly 
treated of, as it hath, been already largely and 
ſufficiently ; therefore we comprehend not the 
fame in what we now ſay concerning the Secon- 
dary Planets, but paſs it by . wholly untouch'd. 
For which: Procedure, if any ſhould be ready to 
blame us, yer we hope we ſhall, without much 
difficulty, obtain the Excuſe of Candid Judges of 
Things, if there ſhould be any Tranſgreſſion of 
exact Order in this our Procedure. 


Phenom. (I.) The Secondary Planets both of Jupi- 
ter and Saturn are ſo [mall in comparilon of their Prin- 
cipals, that before the Uſe of Teleſcopes they wholly eſcap'd 
the Sight of the Inhabitants of the Earth. | 

Solut. Why they ſhould be ſmall, or why they 
ſhould be great, is a thing which is grounded 
upon no Aſtronomical Reaſon, but depends 
wholly and entirely upon the Will and Good 
Pleaſure of the Almighty Creator, who was 
pleas'd for moſt wiſe Reaſons, elſewhere: taken 
notice of, that all the Planets which are aſſocia- 
ted to others, and turn'd about them, ſhould be 
leſs chan thoſe others. Thus the Matter is de facto, 
but no proper Natural Reaſon of it can be with 
any Probabjlicy aflign'd. This as to the Thing. Hye 

then 
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then as to the Name of Primary and Secondary, 
The Secondary, ſo called, we refer to the other 
as the Fountains of their Motions and Phænome- 
nons: But then truly, if we would fpeak Strictly 
and Geometrically, (as ſhall be ſhew'd, God wil. 
ling, hereafter, when we ſhall undertake the Phy- 
ſical Reaſons of the Aſtronomical Phænomena 
out of the Philoſophy of the Famous Sir :1/aac 
Newton :) If we would ſpeak accurately, I ſay, 
the Primary Planet doth as well revolve about 
the Secondary, as the Secondary about the Pri- 
mary; they both indeed only revolving about the 
Common Center of the Gravity of both. So 
that if the Secondary one, ſo call'd, were equal 
in Magnitude to the Primary one, they might 
either of them be call'd Primary, and either Se- 
condary, with almoſt equal Right. However, 
ſeeing that beſides the Common Name of Secon- 
dary ones given to theſe Moons, according to the 
common Uſe of Speech; thoſe which thus re- 
volve, are all of them ſmall ones; and whether 
taken ſeparately or con junctly, are nothing in re- 
Tpe& of Magnitude, when compar'd with the o- 
ther; therefore we may with good Reaſon ap- 
propriate the Name of Secondary to them, reſer- 
ving to the other the Appellation of Primary. 


Phænom. (2.) The Secondary Planets both of Sa- 
turn and Jupiter, cannot ahyays be ſeen by the Tele- 
feope. 

Wide This ariſeth from divers Cauſes: 
(1.) Whilft they are within the Shadow of their 
Primaries, which Thing frequently happens, they 
muſt needs be bereav'd of all Light, and conſe- 
quently lie hid to us. (2.) When the Bodies of 
their Principals - are interpos'd betwixt them and 

: us; 
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us; for this is the ſame thing in effect as if they 
were at that time deprivd of Light, altho' they 
be not. (3.) When they themſelves are inter- 

sd betwixt us and the Bodies of their Prima- 
ries; altho' we do in this Caſe fee the Secondary, 
yer it is not eaſy to diſtinguiſn one Lucid Point 
from another, the Secondary from tliat Part of 
che Primary which is oppoſite thereto. And 
theſe are the moſt uſual Cauſes of the preſent 
phænomenon: To Which may be added (4) ano- 
ther Caſe, but which is indeed very rare, namely 
when one of theſe Secondaries ones hides ano- 
ther of them from our Eyes. But all "theſe 
things which at pfeſent we have touchd upon 
only ina general and curfory Way, will require 
to be again examin'd and brought under Exami- 
nation, when we ſhall come to the particular 
Theories of theſe Secondary Planets, the Tables 
of their Motions and Echpſees. 


Phænom. (3.) All the Secondary Planets appear 
ſometimes on one Side, ſometimes on the other Side 0) 
their Principals; ſometimes on the Lefi-hand, ſomttimes 
an the Right. N nee 

Solut, Thus it muſt neceſſarily be, if they go 
about their Primaries in a Curve. linꝰd Orbit, and 
perform entire Circuits about them: which that 
they do, their being poſited firſt on one Side, then 
on the other, plainly demonſtrates. 


Phznom.-(4.) Theſe ſmall Planets in ꝑtneral ure 
cntinually changing their Diſances with 'reſpett to their 
Primavies. - | | 

Solut. Thus it muſt needs appear to the Eye 
from the vety Nature of the Curve: lin'd Orbit, 
herein they go about their Primaries, as is ma- 
Aifeſt to every one. Phæ- 


nets, ſhews the Diverſity of the Paths wherein 


Eat to Mell. 
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Phænom. (5.) Each of theſe Secondary Planets hat 
a certain Limit of Excurſion which it never goes beyond 
and ths Bound i proper to it ſelf, and differs from al 
the reſt. NG E/ 
Solut. This Fixedneſs of the Bound of Excyr. 
ſion in every one of them, both ſhews the Per. 
manence and Unchangeableneſs of the Curve. 
lin'd Orbit; and the very Form it ſelf of the Or. 
bit; for were the Planet mov'd in a Winding, 
Spiral Line; were it carried about the Primary in 
2 Line not recurring into it ſelf, it would be con- 
tinually changing the Limit of its Evagation; 
whereas in a Line which winds into itſelf, and ; 
at leaſt almoſt Circular; ſuppoſing the Orbit to 
be permanent and immutable, the apparent Li- 
mits will be ſubje& to no Variation. And then 
laſtly, the Diverſity of the Limits of theſe Pla. 


they circulate about the Primary ones. 


Phznom. (6.) Theſe little Planets do in their M. 
tion go alternately the contrary way to the Motion of their 
Primary ones. | 

Solut. Neither doth this contain any thing d 
Wonder in it: For although to an Eye placed in 
their Primaries they would be both in Truth and 
Appearance revolv'd perpetually towards the ſame 
Part of Heaven; yet to an Eye placed in the Earth 
which is far without the Compaſs of their Or- 


bits, this their Menſtrual Motion about their Pri- 


maries muſt needs appear otherwiſe : For whillt 


any of them poſſeſſeth the further Semi- circle, it 
will appear in its true Motion, to wit, from f 
to Eaſt; but in the hither Semi-circle, it will ap- 
pear mov'd contrary to its true Motion, or from 


Phæ⸗ 
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bai Ml Phenom: (.) Their Periodical Times are the lon- 
ond; ¶ gr when the Limits are the larger, and their furtheſt 


al Elongation the greater. Had adds © gh 

Solut. This is a thing which holds good in the 
cur. W Motion of the Planets in general, whether Pri- 
er- mary or Secondary, without any Exception; 


ve. namely, that the Planet, which is more remote 
Or- from the Center of Motion, takes pp à longer 
ing, MW Space of Time in its Revolution; and this in a 
in certain and conſtant Proportion, to be hereafter 
on- determin'd out of Sir Tazc Newton's Philoſophy : 
n ; W Which being ſuppos'd, it is manifeſt, that every 


+ MW one of the Satellites, which obtains: à longer E- 


to longation, muſt likewiſe have à longer Periodi- 
rn 


a.  Phznom.-(8.) For the mo#t Part they appear not 
ein in without the Plane of the Ecliptic, but alſo without 


Soutn. 


N %ö © 


it bout the Sun, do almoſt coincide with the Plane 
of the Ecliptic ; the Secondary Orbits which cut 
1 Primary on this Side, and on that; in certain 
Lines of Nodes, will alſo cut the Ecliptie; and 
ng the Secondary Planets will never be found in the 
Plane of the Ecliptic, but in. the Nodes of 72 
4 ri- 


a little from both, either to the North or te the 


they may circulate about their 3 ones in 


D — _ 1 
. 2 re ne 
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Nrimary ones; nor in the Planes of. thęir Prim 
ones, but when placed. in other Nodes like g 
them. Therefore they will decline, for the mot 
Part, from the Ecliptic,, and from the Orbits g 
their Primary ones, either to the North or Sou 
a5 this Phaznomenen requires. Which Phznone 
non, ſeeing it is ſo; famous and noted in the Pt. 
mary ones, ought, not:to-ſeem ſingular, or yer 


Phanam. (o.) The Circumjovials notwithſtanding} 
appear among ſt- them{elyes in almoſt the ſame Plan, 
which. alſa iz. proper to them; and ſo likewiſe & it with 
the Circym- Saturnials. | 


— — n 


Solut. As the Planes of the Secondary. Planet; 
are connected by no Neceflity either to the Plane 
of the Ecliptic, or the Planes of the Orbits of 

their Primaries, as was faid juſt now; ſo neither 
are they connected with one another by any Ne- 
ceſſity that we know of, but for any thiizg in Na- 
ture that appears to us, they might be inclin'd to 
each other in any Angle whatſoever. But then 


ges of the ſame which might be Re- counted, 
this preſent Phænomenon affords us an Occaſion 
of admiring the Wiſdom of the * Great Creator 


ml  - 


* 
1 OTH TIL neee: 
* * * 
FIN. T. p. 29, 30. 
= 
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into whoſe Wiſdom and Providence, as the Cauſe, 
the moſt beautiful Harmony of the Mundane Sy- 
ſtem in general is to be Reſolv'd. 


Phænom. (10. ) The greateſt Elongation of 
almck 


' Secondary from its Primary, remains perpetually 


the ſame and unvaried'; w are the Secondaries (uhjet 
10 4 very ſenſible Variation in the reſpect, in compariſon 
of their. Primaries. aw nt? | 2 1 7122 

Solut. We fetch'd the Solution of the forego» 
ing Phænomenon from the Divine Providence, 
and not from Natural or Aſtronomical Cauſes; 
and we are ſo far from difliking this way of So- 
lutton,-that we ſhalt in no wife decline it where 
the Matter requires it. Where Cauſes Mechani- 
cal or Aſtronomical offer themſelves, there it is 
worthily counted an Unphiloſophieal Refuge to 
flee unto 4 ©5ds amy MN ng : But where thoſe do 
wholly fail us, and the Thing it ſelf forceth us 
$0 bring in the Maker of all Things, not to ae- 
knowledge the Finger of God in his Works, were 
an Argument of a ſtupid and ungrateful Mind. 
So truly, as for the preſent Phænomenon, it is 
to be acknowledeg'd that it is Solv'd fully and per- 
fectly by Orbits almoſt Circular. But then if it 
be demanded further, What Phyſical or Aſtrono- 
mical Cauſe, could bring the Orbits unto this Fi- 
gure? It is to be anſwer'd, That the Nature of 
Things affords no proper Cauſe of it; and that 
theſe Harmonical Motions are wholly to be a- 
ſeribd to the Wiſdom and Pleaſure of the * Great 
Creator. But theſe Things have been noted by 
us in a more proper Place; to which I refer you. 

Novemb, 2. 1702. 71 
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given Moment of Time: Neither will ir be un- 
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Reins now advanc'd beyond the Phznomena of 

the Secondary Planets, we come next unto 
fome Propoſſtions and Problems relating there- 
to, whichtare both moſt noble and uſeful}: For 
beſides thoſe general Laws of Moving and Ap- 
pearing before defin'd, there are ſome Theorems 
depending upon thoſe: Phænomena which are 
moſt worthy to be known : There are alſo ſome 
moſt noble Problems deriv'd from the fame Spring; 
for the drawing of both which from it; we ſhall 
do our Endeavour. For ſeeing Satumm moves at- 
tended and ſurrounded with five Satellites, and 
Jupiter carries four about with him, which have 
been diſcovered ſomewhat longer; It will be 
worth our while to know at what Diſtance from 
the Primary one, and in what Space of Time 
each one of theſe performs its Circuit. It is 
well worth knowing, in what way of Calculating, 
and by what Tables we may come to know the 
true Place of every one of theſe Satellites for any 


pleaſant, to examine and compute their Eclipſes, 
and their various and frequent Occultations. Be- 
fides, we would know by what Art that moſt fa- 
mous Problem, concerning finding in any Place 
whatſoever the Geographical Longitude of Places 
hath been attempred from the Eclipſes of the Sa- 
tellites of Jupiter; and been alſo brought almoſt 
to Perfection. Nor indeed, laſtly, can it be other- 
wiſe than very pleaſant, to underſtand by what 
Snbrilty of Reaſoning that Wonderful Theorem 
concerning the ſucceſſive Propagation of Digit, 
160 7 an 


5 7 
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and the particular Velocity of its Propagation, 
which is certainly very great, and almoſt incredi- 
ble, was found out: For that plainly ſtupendious 
Truth, and vhich is to be accounted by Mortals 
next to a Miracle, could come into Knowledge, 
which yet is Wonderful, no otherwiſe than from 

- the Eclipſes of the Satellites of Jupiter. Fheſe 
Things therefore are the Heads of that Diſſerta- 
tion which we intepd, by way of Appendix, co add 
to what was'before,diſcours'd concerning the Se- 
condary Planets. In purſuance therefore: of gut 
preſent Scope, take theſe following Propoſitions. 


* 


% 


XI $3.0 A 
FRO? I. 


Ti Af Le Diſtances of the Satellites of Jupi- 
ter Fyoni Tupiter's Center. 
8 1 
The Inmoſt ). ... 


— —_ 42 
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: Diameters of 


The Third the Center of + * Fester. Fl 
CAFE TD. ter. 

The Fourth !- P d emo aff 
. Od 1111] 
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e 
a To define the Periodital Times of | thoſe | 
Satellites about Jupiter. 


a n 
\ The Inmoſt )performs its) 1 18 28 | 

2 The Second( Revolution G 3 13 14 [2 258 

A The Third about Fupiter (7 3 43145 

vn The Fourth in the Space of 16 16 32 19 5 A 
it, ; | | | 

nd 


Q Prop. 


Ae Laue. 


A 21 to. y319919 v wineg 9 
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To 22 ihe Diſtances of the Ci rcum-Saturnians 
eue the. Center * Saturn. 
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The Second/is ditant Rom 
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The Third the Center ofq 1 Diameters of f 
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The Fourth NSturn _ Ring. 
The Fifth Honky: hte. g is, 


Prop, IV. 


To define the 8 Times of the Same « 


Sarellites about Saturn, | 
& 


5 ant n+. 
1105 — ” \perfqrms its | 3 wa 15 
The Thifd Revolution a- — 4 
The Fourth N bout Saturn in | by 2 1 
The Fifth | the Space of 2900-4 
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And theſe are the Diſtances and: Peiodical 
Times of theſe Satellites. And here it is not im- 
proper to note, that fo great is the Diſtance be- 
twixt the- Ath and.,5th of Saturn's Planets, that 
there is room for {ufpicion that a Sch lies hid 
from us yet in that Space, Thus, Mr. Hogens, 3 
Perſon of moſt excellent Skill in-theſe Matters, 
(in his Coſmotheoros, out of which. the. foregoing 
Tables are Originally eaken,)doth conjecture. Nor 
bs} it to be denied, but that a Secondary * 

ther 
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ther by reaſon of its ſmallneſs, or its being leſs 


accommodate for reflecting the Rays of Eight, 
may to this day lie hid in that place. For ſo 
great is the Diſtance of the Saturnian Syſtem, that 
after the diſcovery of Fupiter's Satellites, thoſe of 
Saturn remain'd unknown yet for a long while ; 
and when he had for ſome time beheld the great- 
eſt, he could not yet ſee the reſt ; but afterwards, 
in the uſe of larger Teleſcopes, he diſcovered two 
others; but he could not diſcover any further. 
The two neareſt we owe wholly to the very long 
Teleſcopes of Mr. Caſſini ; for neither have the 
Engliſh nor Hollanders, although they have to the 
utmoſt endeavour'd it, been able to fee them. It 
will therefore be no great Wonder, if the next 


Age ſhall behold a Sixth. But leaving Con- 


—— 


jectures, let us come to what is Certain. 


* 


PR OR. V. 


To find the Place of the Secondary Planet of 
Hugens for any Moment of Time. 


'T is not very difficult to deliver, by way of 
1 Precept, a general Method for finding the Pla- 
ces of the Secondary Planets; but by reaſon of 
the Want of Aſtronomical Tables, to reduce the 


lame into Practice, tis not always very eaſy. The 
datellites of Jupiter, which have been known ever 
ſince the Time of Gallileo, by the Obſervations 


which in this Space of Time have been made 
concerning them, eſpecially by the French Aſtro- 
nomers, lie ſo or en to our Knowledge,” that we 

able not oniy to bring them under Numbers, 
and define their proper Places in the Heaven, but 
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alſo to compute their Eclipſes, and the Moments 
of their Immerſion and Emerſion; and this in- 
deed with leſs Difficulty than we can compute 
the Eclipſes of the Sun and Moon; which yer 
have been the Subject of Contemplation ever 
ſince the Beginnings of Aſtronomy: Nor indeed 
doth the Calculation of the Eclipſes of theſe Sa- 
tellites, as to the Moments of Time of the Middle 
Darkneſs and the reſt, give Place to the Solar or 
Lunar Calculations. But as for the Satellites of 
Saturn, by reaſon of the late Diſcovery of them, 
and their being without the reach of moſt Tele- 
ſcopes, the Matter is otherwiſe ; they have not 
yet been brought under thoſe preciſe Computati- 
ons ; ſo that this is a Work which is to be left to 
the further Obſervations and Induſtry of Future 
Times. Only One of them, through the Obſer— 
vations of the Famous Mr. Hugens, and the Acute 
Dr. Halley's Superſtructure upon and more tho- 
rough Examination of the ſame, is capable of 
Calculation, as to its Place in Heaven, by means 
of Tables for that purpoſe. Wherefore our Bufi— 
neſs at preſent will be only this; (T.) To find 
the Place of Mr. Hugen's Planet. (2.) To Cal- 
culate the Eclipſes of the Satellites of Jupiter. 1 
add not, to find the Place in Heav'n of theſe latter 
Satellites; becauſe this will be comprehended un- 
der the former of theſe Problems; for as much as 
the Canons and Rules there delivered will ſerve 
for the Satellites of Jupiter alſo, only with the 
change of thoſe Circumſtances, which he that 
underſtands theſe Matters, will of himſelf know 
ought to bechang'd. 012 

Begin we therefore with the former Problem: 
To prepare our Way for the Solution of which, it 
is neceſſary to premiſe theſe following Lemmata 
or Obſervations, | (I.) That 
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(I.) That this largeſt Satellite which we are 
now treating of, is the Outmoſt but one of the 
five Satellites of that Planet, like as Fupzter our 
largeſt Planet, is the Outmoſt but one of the Pri- 
mary ones. 1 | 

(2.) The Satellites of Saturn in general, and this 
of Mr. Hugens in particular, are always mov'd a- 
bout their Primary in the Plane of the Ring 
thereof; and conſequently are inclin'd to the Or- 
bic of Saturn in the ſame Angle that the Plane of 
the Ring is. | | 

(3.) That the Plane of Saturn's Orbit is ſo ver 
little diſtant from the Plane of the Ecliptie; (it 
being obſerv'd to be inclin'd thereto only in an 
Angle of two Degrees and an haif,) that they 
may be us'd one for another in the following 
Computations, without any ſenſible Error. And 
conſequently we have no need to reckon the 
Places of the Satellites, otherwiſe with refe- 
rence to the Ecliptic, than they are with reſpect 


to the Orbit of Saturn: which will help to make 
the Work ſhorter. 


(4.) That the Orbit of this Planet ſeems ſome- 
thing excentrical, nor can it be reduc'd ſo eaſily 
to a Circle, as its Fellows may. Mr. Hugens, its 
firſt Diſcoverer indeed, attributed a Circular Or- 
bit to it; and it is to be confeſs'd that its Path 
varies not much from a Circle. But however, 
Dr. Halley found that Mr. Hugens's Periods did 
err from the Truth, and this not a little; and 
coming to conſider the Motions more exactly, he 
was inforc'd to determine them to be ſomewhat 
unequal, and to aſſign an Orbit ſomething El- 
lipriC to this in particular; and he hath definfd it 
io be Elliptic in that certain Quantity, that the 
greateſt Equation ariſeth to about half the Quan- 

. Q 3 _ y 


230 Aſtronomical Ledures. 


tity of the leaſt Lunar Equation, that is, unto 
two Degrees and 3o', but no higher. From 
whence it comes to paſs, that che Table 
which is for the leaſt Equation of the Moon, 
will, if you take the Halves of thoſe Numbers, 
ſerve alſo for the Equation of this Planet. Which 
Thing will be of Service hereafter. 

(5.) That the Inclination of the Plane of the 
Ring, and conſequently, that of our preſent Pla- 
net, to the Ecliptic, is of about Thirty-one De- 
grees. I know both Mr. Hagens himſelf, and 
Dr. Halley,: yea and * Dr. Gregory himſelf, our 
Learned Expoſitor of the Newtonian Philoſophy, 
have ſometime determin'd otherwiſe. But Mr. 
Hugens, in a Poſthumous Work entitled Coſme- 
theoros, confeſſeth that that Angle is greater than 
he thought at firſt ; and profeſſeth that it is now 
manifeſt ro him, that it is not only of 232 De- 
grees (the Quantity of the Angle of the Earth's 
Equator with the Ecliptic,) which was the Quan- 
tity he at firſt aſſigned to it, but that it is to be 
reckon'd of about 31 Degrees; and that this ap- 
pears from the Proportion of the apparent Tranl- 
verſe Axis of the Ring to the Leſſer Axis of the 
ſame, when the Ring lies moſt open. 

(6.) That the Line of the Nodes of the Ring, 
and conſequently of the Orbit of this Planet, 
reacheth from the Middle of the 21ſt Degree of 
Piſces, to the Midſt of the 21ſt Degree of Virgo: 
And when Saturn is in either of thoſe Places, the 
Sun is in the Plane of the Ring. From thoſe 
Places therefore we are to compute the right 
Aſcenſion and Declination from the Ecliptic of 


1 


* Book IV. 5. 13. 


this 
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this Planet, in the ſame manner, as from the like 
Points, which in the Earth we call Equinoctial, 
we are wont to compute the Right Aſcenſion and 
Declination of the Earth or the Sun. 1 
(7.) That the Line of the Apſides of the Or- 
bit of this Planet, or the greater Axis of the El- 
lipſis, is, ſo far as appears by what hath hitherto 
been obſerv'd, placed in the ſame Degree of the 
Ecliptic with the Nodes; and conſequently, that 


the Mean and Coequate Anomaly of this Pla- 


net is to be reckon'd from the ſame Places, and 
the Species of Equations is to be changed 
ere. | | 

(8.) That in this Place we do ſuppoſe the 
Place of Saturn himſelf in the Ecliptic to be gi- 
ven. For alchough we have not yet taught how 


to find it, yet in this Place it is neceſſary to ſup- 


pole it either found or given. All our Buũneſs 
therefore at preſent is this, The Place of Saturn in 
the Ecliptic, or, which is much the ſame Thing 
here, in its own Orbit being given, to deter- 
mine for any given Moment of Time, the Di- 
ſtance of this Planet, from the Center of Saturn, 
as to Longitude ; and from the longeſt Line of 
the Anſæ of the Ring, as to Latitude; Meaſuring 
that Diſtance by Diameters of Saturn himſelf, 


or of the Ring. And thus much for the Lem- 
mata. | 


Novemb. 17. 1702. 
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Eing now about to teach the Calculation of 
* Mr. Hugen's Planet, from Mr. Hugen's The- 
ory, Revis'd and Corrected by Dr. Halley, we will 
exhibit the Mean Motions of the ſame, and the 
Epocha or Root of thoſe Motions, and ſhall here 
follow the Caroline Tables, which reckons them 
from the firſt Star of Aries, and not thoſe which 
count from the Vernal Equinox; and we ſhall 
ſtill have reference to Dr. Halley's Tables, which 
are grounded upon the ſame Principles. The 


Apſis then, or Apocronium, being ſuppos'd to be 


Ten whole Signs, and 22 Degrees remov'd from 
the firſt Star in Aries [as being in that ſame Place 
where the Equinox of the Ring, and of the Or- 
bit falls : ] The Correct Root of the Motions, for 
the laſt of December, at Noon, in the End of the 
Year. 1682, (for from thence in Aſtronomical 
_ reckoning begins the Year 1683,) is Nine whole 
Signs,” Ten Degrees, and 15' diſtant from the 
firſt Star in Aries: The Annual Motion of the 
ſame Satellite is alſo to be allow'd to compre- 
hend, over and above 32 whole Periods-or Revo- 
lutions, Ten Signs, Twenty Degrees and 36 firſt 
Minutes. Theſe Things being ſuppos'd out of the 
Tables, to be added at the End of the Book ; We 
are to ſeek for the Place of this Planet in the 
manner following. | . 
Prec. 1. Having taken firſt the true Place of Sa- 
turn in the Ecliptic, or in his own Orbit, from that 
of the firſt Star in Aries out of the Caroline Tables; 


— 
—— 
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and then having Subſtracted from the ſame Place 
the Place of the Equinox of the Ring, (adding 
where there is occaſion a whole Circle ;) the re- 
maining Numbers will give the True Place of 
Saturn from the Equinox of the Ring. 12 
Precept 2. The True Place of Saturn, or his 
Longitude being given, you muſt take his Right 
Aſcenſion and Declination (both as referr'd to 
Saturn's Equinoctial) out of the Table for that 
purpoſe. - Dr. Halley indeed bids us take the ſame 
out of any Table which ſhews the Sun's Right 
Aſcenſion and Declination, according to his vari- 
ous Situation in the Ecliptic ; but this is grounded 
upon the Miſtake, that the Inclination of Saturns 
Ring, to the Plane of the Ecliptic, is wholly * 
ſame with that of the Earth's Equator ; where 
there is no ſmall Difference betwixt them, as hath 
been noted already. Therefore you muſt firſt 
have a Table calculated by Spherical Trigonome- 
try, ſuited to the Inclination of One and thirty 
Degrees (which we have added at the End of the 
Book; ) and then you are to take out of the Ta- 
ble that Right Aſcenſion and Declination of Sa- 
turn which agrees to that Degree in the Eclip- 
tic which was found by the foregoing Pre- 
cept. ö | 

"FIT 3. You muſt then ſeek for the greateſt 
Latitude of the Satelles from the Ring by this 
Analogy. As the Radius, is to the Sine of the De- 
clination of the Apogeum of the Satelles, (the 
Longitude of which Apogeum you will obtain by 
adding the Place of the Equinox of the Ring to 
the Right Aſcenſion found before ;) So likewiſe 
: is the Diſtance of the Satelles from the Center of 
Saturn, or Eight Semi-diameters of the Ring, un- 
to the greateſt Latitude of the ſame Satelles in its 
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Apogeum and Perigeum, to be eſtimated as before, 
by Semi-diameters of the Ring. s 

Precept (4. Theſe Things being given, we ga. 
ther the True Motion of the Satelles out of the 
Mean Motion thus. We add into one Sum, the 
Mean Motion of the Satelles, as well thoſe which 
agree to the Radical Place, as thoſe which agree 
to the Compleat Years, and to the Month cur- 
rent, together with the Day, Hours, and Minutes. 
The Aggregate of theſe is the Mean Longitude 
of the Satelles; and after that we have ſubſtrate 
the Place of the Apocronium from the ſame, it 
furnifheth us with his Mean Anomaly: The Equa- 
tion due to this Anomaly, | as being half of the 
Lunar] we ſeek out of the Table for Equating 
the Moon's Eccentricicy. Which Equation. of the 
Satelles being, according to the Direction of the 
Title, either added to the Anomaly, or ſubſtra- 
&ed therefrom, affords us the True Longitude of 
the Satelles, which will be of very great Uſe to 
us by and by. 

Precept (J.) From the True Place of the Sa- 
telles thus given in Longitude, take away the 
Longitude of the Apegeum; if the Remaining Arch 
be leſs than fix Signs, the Satelles is to the Ea#t 
of Saturn; if it be greater, the Satelles is to the 
Feſt of him; and the Quantity of its Diſtance 
towards either Side, you may find out by this 
Analogy. What Proportion the Radius hath to 
the Sine of that remaining Arch, the ſame have 
eight Semi-diameters of the Ring, or that Elon- 
gation of the Satelles from Saturn, which is the 
greateſt of all, unto the Semi-diameters of the 
Ring and Parts of them, by which Satelles is in 
the Given Time diſtant from the Center of Sa- 
turn, towards the EafH or Weit. 1 
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Precept (G.) And then at laſt, that we may ob- 
tain the Latitude of the Satelles, whether Nor- 


thern or Southern, from the Line of the Anſæ, we 


muſt uſe this Analogy: As the Radius, is to the 
Coſine of the Remainder of the Arch lately 
found; ſo is the greateſt Latitude found by the 
Third Precept, to the Latitude agreeing to the 
Given Time. | 

And thus we have taught how to Calculate the 


Place of this Planet, as well in reſpe& of Lati- 
; tude, as of Longitude from the Center of Saturn, 


for any Given Moment of Time, Nor is it to 
be doubted but that theſe Numbers affign'd by 
Dr. Halley are exact enough for the preſent Age. 
But, to confeſs the Truth, ſeeing we have here 
ſuppos'd, as well the Line of the Apſides, as that 
of the Nodes to be at reſt ; whereas, by what Sir 
Iſaac Newton hath demonſtrated, they are both 
mov'd, the former in Conſequentia, the latter in 
Antecedentia : In Proceſs of Time there muſt be 
ſome Emendations made, that this Theory may 
agree with Obſervations. 


PrRoP. VI. 


To find the Eclipſes of the Satellites of Jupi- 
ter, and their middle and extream 2 


T lies not upon us to med dle in this Place 

with the Eclipſes of Saturn's Satellites. For, 
beſides that theſe cannot be ſeen but by very long 
Tubes; the Plane of the Ring in which they are 
mov, is at ſuch a Diſtance from the Plane of 
the Ecliptic, that it is very rare that any of them 
falls into the Shadow of Saturn; which holds 


true 
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true moſt eſpecially in the two remoteſt Moons, 
whereof this Hugenian Satellites is one. There- 
fore paſting by Saturn's Satellites in our preſent 
' Buſineſs, let us take in Hand che Eclipſes of thoſe 
of Jupiter. And here we ſhall ſer before you the 
Eclipſes of the inmoſt of theſe Setellites, which 
that moſt ſagacious obſerver Caſſini, and Dr. Hal- 
ley from him have taught to compute from Caſſi- 
nis own Tables; for you may find out the Eclip- 
ſes of the reſt of the Satellites in the like manner, 
as you are taught to find thoſe of the inner- 
moſt. As to this Satellit therefore you are to 
| note, that theſe Tables of Caſſini, compos'd by a 
| new and ſingular Artifice, do ſhew the Momeats 
of the Eclipſes afrer a new and excellent man- 
ner. For he ſuppoſeth that the periodical Time 
of of this Satelles is preciſely a 2448ch Part of the 
| periodical Time of Fupiter it ſelf from Aphelion 
to Aphelion. From whence it comes that the 
Equations of the Orbit of Fupiter, reduced into 
Minutes of Time, and fitted to each of thoſe Re- 
volutions of the Satelles, ſuffice to fill up the 
chief Parts of the Equation of theſe Eclipſes. 
It is alſo to be noted that theſe Tables ſuppoſe 
that Fupiter's Aphelion is placed in the beginning 
of the ninth Pegree of Libra; and that the Plane 
| of the Orbit of the Satelles is ſo very little di- 
| tant from the Plane of the Orbit of Jupiter him- 
| ſelf, or even from that of the Ecliptic, that the 
Differences thence ariſing may commonly be 
neglected. Furthermore it is to be noted, that in 
the accurate Computation of theſe Eclipſes, there 
is requir'd a diverſe Equation, according to the 
various Situation of the Earth, with Reſpe& to 
| Jupiter The reſtoring of which Situation, ſup- 
.- _ . pole in an Oppoſition of Jupiter and the Sun, 
contains 


_ 
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contains in it 2253 Periods of this Satelles. The 
Quantity of this Equation Mr. Romer, the firſt 
Obſerver of the ſame, aſſerted to reach unto 
twenty two Minutes of Time, when it is the 
greateſt ; but Caſſini affirms that it is not extended 
beyond 14 Minutes and ro Seconds. The Cauſe 
of which Equation will by and by appear, to wit, 
when we come to treat of the ſucceſſive Propa- 
gation of Light, which is derived from this 
phænomenon. The ſecond Equations of the Sa- 
telles which are adapted to each of the 2253 Re- 
volutions do altogether fill up the ſecond Parts of 
the Computation of theſe Eclipſes. A little Table 
alſo might be added, ſhewing half the Continu- 
ance of the Satelles in the Shadow of Fapiter, 


adapted to the former Periods of 2248. tho' paſ- 


ſing by moſt Part of them. For as Jupiter ap- 
proacheth nearer to the Sun, his Shadow grows 
greater, and as he recedes from the Sun, it grows 
narrower. But this Equation is contain'd within 
ſuch narrow Limits, that it may ſafely be paſſed 
by. But a little Table is, and ought to be added, 
which ſhews half the Continuance of the Satelles 
in the Shadow of Jupiter, according to its diverſe 
Poſition as to the Nodes and Limits : For altho' 
the Plane of the Equinox of Fupiter, or of the 
Orbit of the Satelles is inclin'd to the Plane of 
Fupiters Orb in an Angle, which is not a great 
One, yet an Angle however it is; and conſe- 
quently about the Nodes of the Orbit the Satelles 
will dip deeper into the Shadow, than about the 
Limits; the Table of which half Continuance 
the Famous Caſſini, that he might give us all_ 
things as accurately as might be, hath not omit- 
ted; neither do we think that they are to be 
omitted by us. Theſe Tables, together * that 
| Com- 
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Common One of the Equation of Time, Dr. Halley 
thinks are to be made uſe for the preſent Purpoſe, 
without any other. for alchough the Angular 
Diſtance of the Earth from Fupiter, conſidered 
with reſpe& to the Center of the Sun, be only 
accommodated to the Circular Motion of Fupi- 
ter, as to a Mean Motion, when indeed it is El- 
liptical ; and conſequently that Angle muſt ne- 
ceſſarily be a little different from the True: Yet 
becauſe, as Dr. Halley obſerves, the Eleventh Part 
of the firſt Equation ſuperadded to the ſecond 
Equation, where that is to be ſubſtracted, and 
ſubſtracted from the ſame when that is to be ad- 
ded, may take away all this Inequality : That Ta- 
ble already made, and put at the End of this 
Book, out of the Philoſophical Tranſactions, will 
abundantly ſuffice for the Eclipſes of theſe Satel- 
8 We come therefore to the Calculation 
it ſelf. | . 38 1 


Precept 1. Out of the Table of the Epocha's of 
the Revolutions of the firſt Satellite unto the Sha- 
dow of Jupiter, take the Given Year of our Lord 
placed at the Left: hand: Write out the Numbers 
aſcribed to the ſame Vear that is, to the beginning 
of it] together with the Days, Hours, Minutes, 
as well firſt as ſecond of the Revolution: Take 
out alſo the Numbers over againſt them, which 
are as it were ſo many Degrees of Anomaly, in 
two Columns. Furthermore, To theſe Numbers 
let there be added thoſe which are affixed to the 
Given Month, and Day of the Month; each One 
in its Order; with the Numbers over and above, 
which are over againſt them in the two Columns. 
Which Things being duly perform'd, gather to- 
gether by Addition each Series into one 15 

2 e 
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The firſt of the Sums will ſhew the Middle Mo- 
ment of the Eclipſe; The ſecond will ferve to 
the finding the firſt Equation; and the third to 
the finding the ſecond Equation. That is, if in 
every Biſſextile Vear, in the Months of Fanuary and 
February, you take the Day which is the next greater 
than the Given One, in the room of the Given 
One, with its proper Equations; for the Table 
being accommodated to the greater Part of the 
Biſſextile Year, as it was fit it ſhould be, cannot 
rightly ſerve to the ſaid former Part of the Year 
without this Correction, 2 feat = 
Precept 2. If the Number placed in the former 
Column, which is defign'd for the former Equa- 
tion, be leſs than half the greateſt 2448, that 
is, than [1224], in this Caſe, [the greateſt itſelf 
where there is occaſion,(being before rejected, as 
2 whole Citęle] go to the Table, agreeing to that 
Equation ; and ſuperadd the, Equatioti, which a- 
prees to the Middle Tinte of the Eclipſe before 
obtain'd: But if the Number be greater than half 
of the greateſt, ſubſtract the Equation belonging 
to it from the Middle Time of the Eclipfe.” In 
the former. Cafe the Sum, in the lattet the Dif- 
ference will give you the Time of tlie Middle of 
the Eclipſe firſt of all equared. ö 


Precept 3. If the Number placed in the latter 
Column, When it is either increas d by the Ele- 
renth Patt of the former Equation, where the 
irſt- Equation is Abfatitious, or diminiſh'd there- 
by-where it-is* Addititious, be leſs than half the 
greateſt 2448], to wit, than;[x224], apply that 
Number, [the greateſt it ſelf, where there is oc- 
afion, being firſt wholly rejected ;] or if it be 

* ; TTY greater 
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greater than the ſame; Half, apply the Comple. 


ment thereof unto the greateſt Number for the 
finding out the ſecond Equation ;. and add the 


Numbers belonging to the ſame, out of the Table 


to the firſt Equated Time of the Middle of the 


Eclipſe: The Sum of both will give the true 
Middle Moment of the Eclipſe, in the Mean 


Time thereof, accommodated to the Meridian 
of the Tables. From which Moment of Time, 
if you ſubſtract half the Continuance of the ſame 
Eclipſe, which is very eaſily known out of its 
proper Table, you will have the Moment of Im- 
merſion; and if you add the Half - Cont inuance to 
the ſame Moment of Time, you will obtain the 
Moment of Emerſion, accommodated both the 
one and the other to the Mean Time. 


Theſe few Precepts may ſuffice for Computing 
theſe Eclipſes. For as to what belongs to the 
Difference of Meridians, and the Equation of 
Time, we ſuppoſe them to be known already. 
It remains only that in this, in no wiſe diffi- 
cult Buſineſs, we Illuſtrate our Precepts with an 


Example; which we ſhall take from that Eclipſe, 


which will be next of all to this preſent Hour; 
that if any one hath the Opportunity of a Tele- 
ſcope, he may ſee it himſelft. 
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Bur. ſeeing this Eclipſe happens in the Day- 


time, there will be to be added one or two Periods 


that we may obtain one in the Night; to wit, 


| The Root — — 25 2 21 IF p. ma 
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ſible Emerſion e 9 
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of the next Vi- | 
ſible Emerſion P28 15 18 27 p.m. 
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From which Things it appears, that the Viſi- 
ble Eclipſe of the firſt Satelles of Jupiter, which 
is next to happen, will fall on the 29th of this 
Month, 18 Minutes after Three in the Morning ; 
at which Moment of Time the Obſervers at Lon- 
don, and thoſe who are under the ſame Meridian 
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(and We at Cambridge are but a little diſtant from 
it,) may ſee that Satelles emerging out of the 
Shadow of Fupiter, if the Clouds will permit. 
Theſe Things I thought good to ſubjoin for Ex- 
ample's ſake, that thoſe who ſtudy Aſtronomy 
may, if occaſion requires, calculate theſe Eclipſes 
themſelves out of the Tables for this purpoſe. 
[And by means of the Numbers belonging to the 
Inmoſt Satelles, the reſt may well enough be 
brought under Calculation, if you obſerve to 
make the firſt Equation every-where Analogous 
to the Proportions of Þe Periods; which were 
*defin'd above, Page And the Second Equation 
the ſame, and unvaried in all. So that both the 
former and the latter Numbers, adapted in theſe 
Tables to the Inmoſt Satelles, may alſo be very 
well applied to the reſt in their Proportion ; A 
Table of the Motions of Fupiter being withal 
made uſe of. ] And thus much for the Eclipſes 
of the Secondary Planets. 3 | 


Novemb. 23. 1702. 
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| PRO p. VII. W 
To find the Geographical Longitude of Places, 


A Ppendant to the Eclipſes of the Satellites 
are the Two famous Problems; the One 
concerning the Geographical Longitude ; and 
the Other touching the Quantity of the Velocity 
of the Rays of Light; and neceſſarily appertain- 
ing to our Diſſertation concerning the Satellites 
is the Contemplation of the Wonderful Ring of 
. . | 
As for the Matter of the Longitude, the Per- 
fection of the Art of Navigation, as we have alſo 
hinted above, depends upon it. For could the 
Diſtance of the Ship to the Ea#? and Veſt be as 
well and as eaſily known as the Diſtance towards 
the North and South is ; could the Mariner, who 
in the midſt of the great and wide Sea, can tell 
what Parallel he is in, as well diſtinguiſh what 
Meridian_he is in, and conſequently point always 
to his preſent. Place in his Charts, he would al- 
ways know how to ſteer. his Courſe towards his 
Port. For the Solution of this Problem, divers 
Ways have been attempted for a long Time by 
rery great and famous Men, whilſt ſome have 
gone about to Solve it by the Motions of the 
Stars, others by the Variation of the Magnetic 
Needle ; Others. again by Machines, and Clocks 
contrived for that purpoſe. Thoſe Methods, as 
hath been alſo ſignified above, which hicherto 
haye appear d ta be the beſt of all, bave ſought chis 
| W WP Longi- 
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Longitude from the Stars of Heaven; and a. 
mongſt the Celeſtial Methods, that is the Prin- 
cipal, and hitherto hath been accounted ſuch, 
which is grounded upon the Eclipſes of the Sa- 
tellites of Jupiter. For here the Matter turns; 
namely, that there being given ſome real Phz- 
nomenon in the Heavens, which is tied to one 
certain Moment of abſolute Time, and is alike 
viſible in divers Parts of the Earth, we refer this' 
one Point of Abſolute Time to the Ordina 

Time of every ſeveral Place reſpectively, and f 
from the divers Deſignation of the ſame Moment 
of Abſolute Time in divers Places. of the Earth 
in Hours and Minutes, come to know the Dif- 
ference of Meridians. As for Example: Let the 
Middle Moment of a Lunar Eclipſe happen at One 
a Clock in the Afternoon at London; and let this 
Middle Moment, which in reſpe& of the Abſolute 
Time is every-where the ſame, be obſerv'd in 1 
Ship to be at Two a Clock in the Afternoon. 
Here therefore is given one. Hour's Difference of 
the reſpective Times in the two Places of Obſer- 
vation. Theſe. two Places therefore are diſtant 
from each other ſo many Degrees as belong to 
one Hour, to wit, Fifteen; and moreover, the 
Ship is diſtant Eaſtward from London, to wit, be- 
cauſe here are more Hours ſuppos'd to be rec. 
kon'd in the Ship than at London. Such a Pha- 
nomenon as this in the Heavens we want for the 
fatisfying the preſent Demand; and which alſo, 
over and above what hath yer been ſaid, muſt be 
not unfrequent, but happen every Day, or 2 
leaſt every two or three Days; which thing 3 
Lunar Eclipſe is very far from doing. A Cele 
flial Phznomenon therefore, which may be 0 
any great ſtead in the preſent Purpoſe, there ſeem 


(0 
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to be none, beſides the Eclipſes of the Satellites, 
and the Appulſes of the Moon to the Fixed Stars; 
Of which latter Phænomenon, not yet indeed 
brought to ſufficient Perfection, we have in paſ- 
ſing along ſaid enough before; namely, when out 
of Mr. Hlamſteed we diſcourſed of the Geometri- 
cal Conſtruction of Solar Eclipſes. But as for 
the other, it is a moſt excellent Method indeed, 
and moſt ſufficiently adapted to the Sailor's Uſe, 


as well as at Land, it by any means the Teleſcopes 


could be uſed at Sea. Accordingly we muſt here ex- 
plain it. Which yet, conſidering what Things have 
already been ſaid, will be done in a word or two. 
For it is manifeſt that the Moments of the Occul- 
tation and Egreſs of theſe Satellites may be de- 
fin'd and determin'd for any Meridian whatſoever; 
and that thoſe Eclipſes are real Phænomena, af- 
fix'd to certain Moments of Abſolute Time, which 
may be obſerv'd in divers Places of the Earth ; 
nay, that they not unfrequently happen every 
Day, and fo may ſerve to your Purpoſe daily, if 
you be provided with a Computation of the E- 

clipſes of them all, as it is fit you ſhould : (ex- 

cepting that about the Conjunction of Fupiter 

with the Sun, we muſt needs want the Benefit of 

theſe Eclipſes for the Space of a few Months,) 

There being given therefore by Computation the 

Moment of Immerſion and Emerſion, accommo- 

dated to the Place of the Tables ; and there being 

given at the fame Time, by Obſervation, in ano- 
ther Place, whether by Sea, or in ſome far diſtant 


Country, the fame Moment; there will alfo be 


given the Difference of Time: which being turn'd 
into Degrees and Minutes of the Equator, ſhews 
the Difference of Meridians, or the Longirude of 
the Place. This is that celebrated Way of ſearch- 
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ing ont the Longitude, which Aſtronomers, the 
French eſpecially, have ſo often practis'd, for re- 
forming the Geographical Situation of Places, 
and perfecting Charts, whether of Sea or Land, 
with ſo great Applauſe, and to the great Benefit 
and Advancement both of Navigation and Geo- 
graphy, and do to this day make uſe of; and by 
means whereof they have produc ſo accurate a 
Map of France, that the like has not yet been 
made in other Countries, 


PR 0 1 


To determine the Velocity of the Rays 
F Light. 


Eſides the notable Uſe of the Eclipſes of the 
Satellites of Jupiter in Geography, of which 
we. have juſt now treated; they ſerve to another 
Purpoſe alſo, which is alſo a very noble one; and 
which although it doth not bring along with it 
ſo much of Gain, yet carries in it much more of 
Excellence and Admiration by far. For from 
theſe that moſt famous Queſtion concerning the 
Propagation of Light, whether it be Inſtantane- 
ous or Succeſſive, is decided; and it is demon- 
{trated to us, that Light is propagated by a Pro- 
greſſive Motion: but which indeed is of that 
Swiftneſs, that it is almoſt incredible. To dil- 
patch this moſt Conſiderable Propoſition in 3 
few Words, oblerve the following Figure: 


In 
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0 In which the Cycle HLK E F G deſigns the 
: Annual Orbit of the Earth about the Sun, which 
is placed at the Point A: Let the Point B repre- 

ſent the Planet Jupiter, caſting a Shadow to the 
Part oppoſite to the Sun : Let the Circle CDR 
1 deſcrib'd about Jupiter, be the Orbit of any one 
1 of his Satellites: and let che Chord G F, which 
: R 4 ſubtends 
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ſubtends an Arch of the Annual Orbit, be equal 
to the Semi- diameter of the ſame Orbit; to which 
let LK on the other Side be Equal. Things be- 
ing thus prepared, it is manifeſt the Immerſions 
of the Satelles, and thoſe alone, may be ſeen by 
the Inhabitants of the Earth when placed in the 
Semi- circle HG FEE; to wit, from the Con- 
junction of the Sun with Fupiter unto the Oppo- 
ſition : and that the Emerſions of the Satellites, 
and thoſe alone, may be ſeen in this Semi-circle 
HLKE; to wit, from the Oppoſition to the 
Conjunction; foraſmuch as the Interpoſition of 
the Body of Fupiter hinders us from ſeeing 
them both. Moreover, it is manifeſt that an Ob- 
ſerver placed at F, if the Propagation of Light 
were Inſtantaneous, would in the ſame Moment 
of Abſolute Time ſee the Immerſion of the Satel- 
les, as he would do that is placed at G ; and the 
ſame Thing is to be underſtood of the Points on 
the other Side K and L. But then, if the Propa- 
gation of Light doth indeed take up ſome ſenſi- 
ble Space of Time; the Obſervers at G and L, 
as being nearer by a whole Semi-diameter of the 
Orbis Magnus, muſt needs ſee thoſe Immerſions 
and Emerſions ſomething ſooner than others who 
are placed at Fand K; and conſequently from 
the Interval of Time proportionate to the Semi- 
diameter of the Orb Magnus, we ſhall have the op- 
portunity of Eſtimating the Mlocity of the Rays 
of Light. And ſo it really 1s. For as often as 
the Earth approacheth towards Jupiter, the Im- 
merſions and Emerſions of the Satellites do anti- 
cipate the Time which was before defin'd by Cal- 
culation ; and on the contrary, as often as the 
Earth recedes from Jupiter, their Emerſions are 
prolong'd beyond the before computed 3 

— th n 
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And he who, placed at G, Beholds the Immerſion 
of any Satelles, ſees it ſooner than was expected; 
but he that is placed at F later; and the ſame is 
to be underſtood of the other Points L and K. 
Which Anticipations and Prolongations having 
been obſerv'd for many Years, and being at 
length made uſe of by the Famous Romer in the 
preſent Argument, and for Eſtabliſhing the Suc- 
ceſſive Propagation of Light, have for ſome time 
{ extorted the Aﬀent of Aſtronomers. It is to 
be acknowledged that Caſſini in his Tables of theſe 
Eclipſes would ſeem to avoid the Force of this 
Argument ; as reckoning that the Intervals of 
Times are proportioned not to the Diſtance of 
the Earth, but to the Periodical Times of the 
Satellites; and that the Earth's Diſtance remain- 
ing the fame, a far longer Space of Time is re- 
quir'd in the Exterior than in the Interior Satel- 
lites: So that he ſeems to think, not that the 
Succeflive Propagation of Light, but ſome Spe- 
cial Equation of the Satellites, proportionate to the 
Periodical Times, is to be collected from thence. 
But this notwithſtanding, the moſt Acute * Dr. 
Halley very ſeaſonably obviates this Doubt, and 
from the very Tables of Caſſini, accurately com- 
pared with Obſervations, altogether removes this 
Cauſe of Suſpicion; and moſt clearly demon- 
ſtrates, that that Succeſſive Propagation of Light 
is moſt true, and that it is neceſſary for Solving 
the Eclipſes of all theſe Satellites. Suppoſing 
therefore in the preſent Place the Truth of the 
Rectilinear Progreſſive Motion of the ſmall Par- 
ticles of Light, it remains that we ſhould ſearch 
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out the Quantity of its Celerity; or in what Space 
of Time it reacheth from the Sun to the Earth. 
It is therefore to be obſerv'd that Mr. Romer, the firſt 
Diſcoverer of this Phænomenon, doth determine 


that Light is propagated the. Length of the Chord 


G FE, or the Semi- diameter of the Orb Magnus, 
in the Space of Eleven firſt Minutes, or there- 
abouts: But Caſſini having gotten the Opportu- 
nity of more exact Obſervations, doth aſſert that 
the ſame Equation, belonging to the ſame Semi- 
diameter, is not to be extended beyond ſeven Mi- 
nutes with five Seconds. All Things therefore 
being duly compared, it will be reaſonable to 
determine, that Light is propagated from the Sun 
to the Earth in leſs than half a Quarter of an 


Hour: Which Diſtance, ſeeing it is determin'd | 


by the beſt Aſtronomers to contain ſomewhat a- 
bove Eighty Millions of Miles, it gives us occa- 


ſion to admire, and be even aſtoniſh'd at this pro- 


digiouſly ſwift Propagation of Light; in compa- 
riſon of which indeed, all other Things in the 
World which ſeem to us the ſwifteſt, are of Right 
to be eſteem'd to be very ſlow. For the 
Earth it ſelf, although in its yearly Circumvolu- 


tion about the Sun, it be mov'd with no ſmall 


Velocity, yet it reacheth not the Ten-thouſandth 
Part of this Celerity ; as would moſt eaſily ap- 
pear. by Computation. Unleſs Demonſtration 


were able to extort and enforce Aſſent, we might 


not unreaſonably cry out that the Thing is ab- 


ſurd, falſe, incredible; but being over-born with 


the Evidence, let us learn to wonder at Light 
as J certain Miracle of Nature, and from Ma- 
terial Things to erect our Minds, to adore its 
Infinite Author and Fountain, who dwells in 


| Light inacceſſible. And now let us cloſe this 


Propo- 
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Propoſition concerning the Velocity of Light, 
with certain remarkable Corollaries which natu- 
rally flow from thence. 


Corollary (T.) Eclipſes, whether of the Sun, 
or Moon, or of the Satellites, are not really 
ſeen by us in that very Moment of Time in 
which they happen. For betwixt the True and 
the Viſible, whether Immerſions or Emerſions, 
there is ever interpos'd a competent Space of 
Time for conveying the Light. For in like man- 
ner, as we at length hear of Things done by Sea 
or Land, Battels of Armies, and the like, after 2 
competent Space of Time interpos'd, for the Paſ- 
ſage of the Meſſengers ; ſo the Things done in 
the Heavens, and which are from thence brought 
to our Eyes by the means of the Rays of Light, 
as certain Ethereal Meſſengers, cannot come to 
us, or be ſeen by us, until ſome time after they are 


done; and this in proportion to their Diſtance: 


Which is, 
Coroll. (2.) By how much any of the Ce- 


leſtial Appearances are more remote from us, 


ſo much the longer Space of Time they require 


for the reaching us, by the means of the Rays 


of Light. Thus an Eclipſe of the Moon is ſeen 
by us moſt ſpeedily after the True; an Eclipſe of 


the Sun ſomewhat more ſlowly ; that of the Sa- 
tellites of Fupiter more ſlowly yet, and that of 
thoſe about Saturn, if any were ever obſerv'd , 


the moſt ſlowly of all. And the ſame is to be 
underſtood of the reſt of the Phænomena of the 


Stars. Therefore let Aſtronomical Obſervers con- 
ſider whether the taking this Interval into ac- 
count, ſeems not neceſlary ' unto a Plenary De- 
duction of their Theories out of the Phznomena. 


We 


/ 
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We aſſert nothing, and only, as it were, ſtart the 
Point as a Matter not unworthy to be diligently 


weigh'd and examin'd. And now the Diurnal 
Motion of the Heavens being ſuppos'd, let this 


be, | 
Coroll. (3.) That the Apparent Places of the 
Sun and Planets in the Heavens, are not the True 
Places which they really poſſeſs at any time, but 
always more Oriental than they ought to be. For 
in this Hypotheſis the Bodies of the Sun and Pla- 
nets being carried by their Diurnal Motion, 
whilſt the Light is in Propagating towards the 
Weft, have advanc'd ſome ſenſible Space, yea 
| ſometimes ſeveral whole Degrees, before that 
Light comes to us; and conſequently are always 
really ſituated more to the Veſt than they appear 
; to us to be. But foraſmuch as this Diurnal Mo- 
tion of the Stars doth ſcarce at all change their 
Diſtances from the Equator, they always deſcribe 
the ſame Parallel Circle which we ſee, notwith- 
ſtanding this Interval of Time. And thus the 
True Poſition of the Stars, as to Right Aſcenſion, 
is different from that which we ſee upon Earth ; 
whilſt the Poſition as to Declination is the ſame. 
In an Apparent Conjun&ion or Oppoſition of 
the Sun and Moon indeed, the Obſerved Decli- 
nation of both Luminaries is the True: But as to 
their Viſible right Aſcenſion, they are ſomewhat 
different; for we from this Hypotheſis do not 
doubt to aſſert, that in truth the Moon's right 
Aſcenſion is exceeded by that of the Sun, by 
almoſt two Degrees. Nor is this invalidated at all 
by the Aſtronomic Tables; In all which the 
Viſible right Aſcenſions are thoſe which are 
mark d, or deſign'd, and not the other. For thus 
it ought to be, in them and the reſt of Aſtrono- 
95555 | mig 


could know (which it is at preſent impoſſible fo 
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mic Tables; they ought to deſign to us the Places 


in which the Planets may be obſerv'd, not thoſe 


in which they may be ſuppos'd to be. But then 


as to the Fixed Stars, if you ſuppoſe this Diurnal 


Motion; Then 


Coroll. (4.) What we have ſaid of the Planets 
holds true of the Fixed Stars ( not to ſpeak of 
Comets, ) yea is much more true of them, and 
much more ſtupendious. For if there be any Diffe- 
rence betwixt the Diſtances of the Fixed Stars, 
which that there is none, the Followers of Ptrolem 
will hardly aſſert; by reaſon of the Immenſe 


Diſtance of ſome of them, the Space of Time 
in which their Light is propagated to us, will be 


eſtimated not by Hours or Days, but Weeks, if 


not by Months alſo. From whence it follows, 


That although theſe Stars are truly placed in the 
Viſible Parallels of Declination, yet is there 2 
very great Difference indeed, and exceeding by 
far that which we- ſpake of before, as to their 
right Aſcenſions; and that it will be but by 
Chance ( if ſo unlikely a Chance can ever have 
Place here,) that a Fixed Star ſhould really be 
in our Horizon or Meridian when we ſee it there. 
There is alſo another Thing which offers it ſelf 
to us under this Head ; namely, that upon the 
ſame Hypotheſis, the Fixed Stars have not indeed 
that Situation amongſt themſelves which they 
ſeem to us to have. For although the Succeſſive 
Propagation of their Light doth not diſturb their 
Situation as to the Parallels of Declination; yet 
as to their Situation in the ſame Parallel it will; 
nor can we have any means of knowing what Si- 


tuation they really have amongſt themſelves as to 


their right Aſcenſion and Longitude,' unleſs we 


254 Aftronomical Lectures. 

us to do) the proper Diſtances of each one of 
them, and ſo what time Light takes up in pa 

each Diſtance. This Confuſion of the Order of 
the Stars, beſides the other Thing mention'd be- 
fore, hath not, that I know of, been diſtinctly 
noted as a Conſequence of the Old Hypotheſis, 
by any before ; but is well worthy of a particular 
' Conſideration. 


Decemb. 14. 1702. 
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E proceed now to what was propos'd to 
be next ſpoken of, the Ring of Saturn; 
-which is worthily accounted, in ſome reſpect, the 
1 . Wonder of our Syſtem, and of the Viſi- 
ble World; that Singular and Stupendious Arch 
in Heaven, the like to which is not to be found 
in the whole Compaſs of Nature, that we know 
of. They who firſt diſcovered ſomewhat of this 
Wonderful Phzxnomenon, imagin'd I know not 
what Handles or Smaller Planets, affix'd to the 
Body of Saturn; others attributed to this Planet 
à Spheroid Figure; others again reſolv'd it into 
Vapours lifted up from the Surface of Saturn about 
nis Torrid Zone, and there begirting him. Di- 

vers were the Conceits; and one amongſt the 
reſt, if I remember right, aſcrib'd it to the Re- 
flection of the Rays of Light from the Globe of 
Saturn, the Surface whereof they imagin'd to be 
imooth and-polifh'd, Thus diverſely Men fan- 
eied and, conjecturd, until Time and. Obſerva- 

tion brought che Truth to Light. Galileus was 


g 
j 
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the firſt that ſaw Saturn encompaſs d with ſome 
wonderful Appurtenance : But Hagen, was the 
frſt that diſcover'd and made out the Truth, and 
communicated it to the World. Which was done 
with the higheſt Applauſe of Aſtronomers : there 
being after the coming forth of his Syſtem of 
Saturn no room left to doubt what this Phæno- 
menon ſhouid be. Nay, he hath with ſo happy 
Succeſs comprehended the Phænomena relating 
to this Matter, if ſo be you add to the Book a- 
foremention'd his other Poſthumous Work. inti- 
tled Coſmo-theoros, that you will find he hath ſcarce 


| left any Gleanings for the ſucceeding Aſtrono- 


mers. *From him therefore we borrow either at 
firſt or ſecond-hand theſe following Propoſitions 
concerning this wonderful Ring, 


Prop. (I.) The Body of Saturn it ſelf, ſeparate 
from this Ring, is plainly Spherical, and can 
yield us nothing of theſe Phænomena. This is 
manifeſt by the Obſervations ; and we ought not 
under the Pretence of any Hypotheſis go about 
to contradict them. 5 


Prop. (2.) The Diurnal Motion of Saturn, 
which a great many from the Analogy of maſt 
of the other Primary Planets, ſurrounded with 
Satellites, would aſcribe to him, is grounded up- 
on no certain Reaſon nor Obſervation ; but ſeems 
rather to contradict both. For, beſides that Sa- 
turn hath a Ring, a Singularity, no doubt, of excel- 
lent and peculiar Uſe, and ſuch as may juſtly ſeem 
to exempt this Planet from being meaſur'd by the 
reſt : Its Diurnal Motion, unleſs it be very flow 
indeed, would infer an Elevation of the Equato- 


real Parts, and a Depreflion of the Polar ; * 
the 


* 


N 
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the Diameter of the Equator would be ſomethin 
eater than the Axis, as it is in Jupiter and the 
Earth. Which Inequality not having been ob- 
ſerv'd in this Planer by Caſſini himſelf, though he 
hath uſed the longeſt Tubes about it; until this 
his Diurnal Motion ſhall be prov'd to us either by 
that or ſome other Obſervation ; I am of opinion 
that a Diurnal Motion ought not to be attribu- 


ted to it. 


Prop. (3.) The Ring is about ſo far diſtant 


from the Body of Saturn, as it ſelf is broad. For, 
Mays Mr. Hugens, © That the Wideneſs of the 


e Space betwixt the Ring and the Globe of S 


turn is equal to the Breadth of the Ring it ſelf, 


* or doth even exceed it, I am ſufficiently taught 
ce even by the Figure of Saturn, which hath been 
* obſerv'd by others; and more by what I my 
ee ſelf have beheld. Seeing therefore, as hath 


'been ſhew'd before, the Sun's Horizontal Paral- 


lax is juſtly reckon'd to be but about ten Seconds; 
and from thence; as was there alſo noted, the 


Diameter of Saturn is gather'd to be of about 


68000 Miles: And ſeeing alſo it appears from 
Obſervaticns, that the Diameter of Saturn is to 
the Diameter of the Ring, as the Number 4 is to 


9, or g of it; from hence it follows that the In- 
terval betwixt the Ring and the Body of Satum, 


to which the Breadth of the Ring is nearly equa], 


aàriſeth to about 21000 Miles. A moſt wonder- 
ful Thing certainly! whether we reſpect the In- 
terval, or the Arch itſelf; which muſt needs 


have been form'd for ſome ſtrange and extraor- 


dinary Uſes, 


Prop. (4.) 
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- Prop. (4.) Both the Surfaces of the Ring are 
ſomewhat plain, like Fluids, or thoſe Bodies 


which, though now hardened, have ſometimes 


been in a State of Fluidity ; as Glaſs, Ice, &c. 
This appears from hence, namely, that choſe 
Surfaces, though ſufficiently enlightened by the 


is lifted up ſome Degrees above their Planes; 
from which Mr. Hugens hath rightly conclus 
ded, that © this is to be laid down for certain 


* Ring is not rough, and full of Protuberancies, 
* as the Surface of the Moon for :he moſt part 
| © of it is, but even and plain, as it is in thoſe 
e Regions of the Moon, which ſome, from their 
* notable Evenneſs, have reckon'd to be Seas. 


Prop. (5.) The Thickneſs of this Ring is ſo 
ſmall, char ic falls not under the Obſervation of 
Aſtronomers, For when the Thickneſs of it a- 
lone is objected to the Sight, (the Plane of the 
Ring paſſing through the Eye,) it can ſcarce be 
ſeen ar all; and leaves nothing whereby it may 
be diſtinguiſh'd, but a ſmall Line or Stroke of 4 
Shadow, paſſing over the Body of Saturn. Hes 
velius indeed eſtimates this Thickneſs, as ſmall as 
it ſeems to be, at 600 German, Or 2400 Engliſh 
Miles; and that by reaſon of the vaſt Diſtance 
of Saturn, the ſame Thickneſs vaniſheth out of 
bght. However I cannot but think the Eſtimation 


to be too great, and ſcarce conſiſtent with the 
Obſervations. 


| Prop, (6:) Although the two broad Surfaces of 

60 the Ring reflect Light ſtrongly and copiouſly e- 

. nough, yet the Exterior Surface thereof, that of 
5 8 ths 


Sun; yet do not at all appear but to an Eye, that 


* by us in the firſt Place, that the Surface of the 
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the Edge, which is in the Middle betwixt the 


two principal Surfaces ; this, I ſay, reflects Light 
very little or nothing at all; for it is not diftin- 
guiſh'd by any Light which it caſts, but by a Sha- 
dow only: Though of what Matter it conſiſts, 
we cannot ſo much as conjecture. 


Prop. (J.) If this Ring be Fluid, it hath a 
Circular Motion, and according to the divers Di- 
ſtances of the Parts thereof from Saturn, performs 
its Revolution in divers Periods of Time. But if 
we ſuppoſe it Solid, whether it be mov'd Circu- 
larly, we know not; nor can it be known, unleſs 


we could obſerve Spots in it. 


Prop. (8.) The Plane of the Ring is inclin'd 


to the Plane of the Ecliptic in an Angle of about 


One and thirty Degrees; and its Nodes or Inter- 
ſections with the Ecliptic, in this Age at leaſt, 
fall in the Middle of the One and twentieth De- 
grees of Piſces and Virgo. But this was noted and 


ſpoken of before. 


Prop. (9.) Seing the Figure of the Ring is al- 
together Circular, there will be in the ſame no 
Line of the Apſides, and therefore no Progreſſion 
of the ſame. But this notwichſtanding , ſeeing 
che Ring is inclin'd to the Ecliptic in ſuch a great 
Angle as hath been ſaid, the Nodes moſt certain- 
ly, according to the fixed Law of the Heavens, 


will go back, though very ſlowly ; which Retro- 


ceſſion, as flow as it is, will in proceſs of time 
appear by comparing the Obſervations of this 
Age with thoſe which ſhall'be made in Ages to 
come. But then that this Ring, which is every- 
where ſeparate from the Body, fhould either 
magne* 
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magnetically, or in ſome other imperceptible way, 
be connected with it; and that from thence the 
Equinoctial Points of Saturn may go back, as they 
do in the Earth, as the Famous Dr. Gregory ſeems 
to ſuſpect; is what I think is in no wile to be 
admitted. For this Ring, which is ſeparate from 
the Body of Saturn, and at a ſufficient Diſtance 

like fome Secondary Planet, is nor to be reckon'd 
as if it were ſome redundant Matter upon the 
Equator of Saturn; and conſequently it is not 
reaſonable to think that the Regreſs of the Satur- 
nian Equinoxes ſhould depend upon the Retro- 
ceflion of the Nodes. of this Ring, any more 
than that of any other of the Primary Planets 

depends in that reſpect upon its Secondanies. | 


Prop. (10.) The Inclination of the Plane of the 

Ring to the Plane of the Ecliptic, is in the Space 

of one Revolution of Saturn about the Sun, twice 
a the greateſt of all, and as often the leaſt; and its 
J Axis conſequently in the Compaſs of one Annual 
Revolution, twice inclines it ſelf to that Plane, 

and twice returns to its former Poſition. Which 

- Wl Things come to pals in the ſame manner, in 
0 which the like happen to the Moon and the 


n I Earth; and are to be underſtood only from Sir 


aa Newton's Philoſophy. © 


n- Prop. (TT.) From theſe Things rightly under- 
„ Wl food, it appears that Saturn will appear Solitary, 
0- ud without this Ring, as often as he is found a- 
ne I bout the Nodes of the Ring: For when the Sun 
b placed in the Plane of the Ring, or near to it; 
ſo that the Thickneſs of the Ring, or very little 
more, is only objected to our Eye; which Sur- 
Ice of it, as was ſaid before, is apt to tefle@ little 

| 8 2 or 


”. 


the Form thereof will always be Elliptical; and 
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or no Light: It muſt neceſſarily be, that Saturn 
muſt then be expos'd to our Sight ſolitary and un- 
accompanied, with only a ſmall Track of a Sha- 
dow left, as croſſing his Body. 


Prop. (1 2.) It is manifeſt alſo from what goes 
before, that Saturn muſt appear without his Ring 
as often as the Poſition of the Sun and Earth is 
ſuch, that the Plane of the Ring protracted would 
paſs betwixt them ; for at that time only, the ob- 
ſcure Surface of the Ring is expos'd to the Eye 
of the Obſerver. 


Prop. (13.) This Circular Ring doth always 
put on an Elliptic Form; but ſo much the leſs 
Elliptic, by how much the further Saturn is di- 
ſtant from the Line of Nodes: For a Circle, as 
is commonly known, unleſs the Eye be placed in 
its Axis, in which Caſe indeed the true Form of 
it appears, degenerates into the Form of an El- 
lipſis. Seeing therefore an Eye placed upon the 
Earth is very far diſtant from the Axis of the Ring, 


the greater Axis of the Ellipſis will be equal to 
the Diameter of the Circle, but the leſs equal to 
the right Sine of Elevation doubled. Therefore 
there being given from the Theory of Saturn and 
the Earth, the Elevation of the Eye above the 
Plane of the Ring; the Species of the Ellipſis 
which will appear upon the Earth, will alſo be 
given. And on the other hand, the Species of 
the Ellipſis being given, or the Proportion be- 
twixt the greater and the leſſer Axis, then when 
it lies moſt open; there will be given withal, by 
the Table of Sines, the Inclination of the Plane 
of the Ring to the Eye, which is always placed 

EL © WAY Y | i0 
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in the Plane of the Ecliptic; and conſequently 
the Inclination of it to the Plane of the Eclip- 
tic it ſelf, By which Method Mr. Hugen's found 
the Inclination of theſe two Planes to be greater 
than it was thought to be at firſt, which thing 
we mention'd before; and that the Ring is leſs 
parallel to the Equator of the Earth, than ſome- 
time it was judged to be. 


Prop. (14.) The divers Phaſes of the Ring, in 
each Revolution of Saturn about the Sun, which 


| is perform'd in the Space of Thirty Years, return 


again in a Round; And a certain Likeneſs of Pha- 
ſes proceeding from divers Surfaces of the Ring, 
return in half the Circuit, or within the Space 
of Fifteen Years. For in both Nodes the Ring 
vaniſheth away, and about both its Outmoſt Li- 
mits it becomes moſt open to the View; and in 
the Progreſs from the North Node to the North 
Limit, there will be beheld "nw. the ſame 
Forms, as had appear'd in its Progreſs from the 
South Node to the South Limit ; thoſe ſame Pha- 
ſes likewiſe which we once obſerve in its Courſe 
from the South Limit to the North Node, we rea- 
ſonably expect to ſee again betwixt the North Li- 
mit and the Soutb Node. And whereas about the 
Middle of A. D. 1701, Saturn poſſeſs'd one of the 
Nodes, and the Plane of the Ring paſſed through 
the Sun; It is eaſily manifeſt both that that Year 
Satury was Solitary and without the Ring; and 
that in the next Year the Ring will begin to ſhew 
itſelf again, and will ſhew it ſelf more and more 
erery Year than other: Of which Phænomena 
et us hear Mr. Hugens, © IntheYear 1701, June 
„ 15. Saturn's Place from the Sun returns to the 
Middle of the 21ſt Degree of Piſces. From 


S 2 * whence 
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0 
% whence, about the End of the Year 1700, and 


% the Beginning of 170r, before he ſets Helia- 
e cally, he will appear round: And furthermore 
© alſo, when he hath emerg'd from the Rays of 
t the Sun, he will keep the ſame Face until the 
er Beginning of the Year 1702 ; from which 
„ Time, until he comes to ſet Heliacally, ſome 
ſſmall Anſæ may perchance be ſeen. But with- 
out doubt, in the Month of May of the fameYear, 
when he, ſhall again begin to be ſeen, they 
will be found reſtor'd. 


cc 
6 
ec 


Prop. (15.) Seeing it is manifeſt by Experience, 
that the Ring then firſt begins to be ſeen, when 
the Sun is elevated almoſt four Degrees above the 
Plane thereof; that is, when Saturn's Helio-cen- 
trical Place is diſtant about ſeven gr eight De- 
grees from the next Node: Seeing alſo the An- 
nual Motion of Saturn, performs his Courle 
through that Interval of fifteen Degrees, in the 
Space of about fifreen Months: From hence it 
appears, that about each of the Nodes Saturn mult 
be ſeen without his Ring for about fiſteen Months. 
However it is to be acknowledged, that very ſtrait 
Limits cannot be aſſign'd to this Phænomenon, 
becauſe of the divers Poſition of the Earth, the 
Diverſity of Men's Eyes, as being of ſharper or 
duller Sight ; and the Diverſity of Teleſcopes 
which the Obſervers make uſe of. And the Di- 

"verſity of Telefcopes alone, what Monſters of 
Faces it is apt to produce, is a thing plainly to 
be feen in very many Aſtronomers, and what 
Mr. Hugens hath remarked more than once. 
| But I forbear to particularize. It would be unjuſt 
1 to go about to caſt a Miſt over Men's Eyes, ot 
| + to bripg the Truth into any Suſpicion when it : 
| 5 2 mo 


_ 


moſt certainly found out. But as for what con- 
cerns the Poſition of the Earth in this Matter, 
take this following Propoſition. | 


Prop. (16.) The Diſappearance of the Ring 
is ſometimes owing wholly and ſingly to the Po- 
ſition of the Earth. For although Saturn be ſo 
far diſtant from both Nodes, that the Solar Rays 
do ſufficiently illuſtrate one of the Surfaces of the 
Ring, ſo that it doth indeed ſhine ; yet if the 
Poſition of the Earth be ſuch (which kind of 
Poſition may take place, about the Signs Gemini 
and Sagittary, if the Earth's Poſition, I ſay, be ſuch) 
that only the dark Surface of the Ring can be 
ſeen, the Inhabitants of the Earth can no more 
ſee the Ring, than if it was not illuſtrated at all. 
Nor will the Thing happen otherwiſe when the 


Place of the Earth is found in the very Plane of 


the Ring produced, or elevated only a little above 
it, For, as Dr. Gregory faith, there is alſo requi- 
red ſome ſenſible Elevation of the Eve above the 
Plane of the Ring, that the Ellipſis which the 
Ring preſents, may not have the Likeneſs of a 
ſmall, little Line only, and conſequently afford a 
ſmaller Light than what can move the Eye. But 
in what Places of Saturn and the Earth theſe kinds 
of Appearance happen, it will not be difficult to 


determine from Aſtronomic Tables, and the Rules 


we meet with in Mr. Hugens and Dr. Gregory. 
There being declared in this manner the prin- 
cipal Phænomena of this admirable Ring, I 
ſhall conclude in the Words of Hagens. Now 
cc . . ; . 
., perhaps, ſaith be, it may ſeem coherent with 
., Our Purpoſe, that like as from this our Station 
.. we have hitherto contemplated this Syſtem [ of 
the Sun], ſo we ſhould now transfer our ſelves, 
8 4 Aas 


| Aſtronomical Lectures. 263 


i 
j 
y; 
7 
1 
9 
1 
1 
1 
1 
5. 
15 „ 
i, 
. 
at * 
8 
104 
1 
i 
INI 
= 
i #9 
1 ks 
ö 
8 
TH 
' * 
142 
I 
N 
54 
N 
i 
: | 
j 
1 0 
ol 
if 
. 
} 
. t 
[1 
N ' 
5 
1 
ö 
? 
. 
5 
* 
7 


264 Aſtronomical Ledures. 


5 as it were, to the Globe of Saturn; and conſi. 
7 der what is the Face of the Univerſe as ſeen 
** from thence ; what Intervals of Years, Months, 
and Days there are there; what Viciſſitudes of 
vi Summer and Winter; and eſpecially what 
* Phznomena muſt needs happen to the Inhabi- 
** rants of this Planet, by reaſon of this Ring 
** wherewith it is ſurrounded, and. how the ſame 
* will ſometimes deprive ſome of them for a long 
3 p . 
time of the Sight of the Sun, and again to o- 
** thers diminiſh the Darkneſs of the Nights, when 
* it ſtands over their Horizon in the Form of 2 
* ſhining Arch.” But I think it better to ſpare 
my Labour at preſent, reſerving theſe Matters 
unto Comparative Aſtronomy, to which they 
properly belong. OE, %; 


Fan, 18. 1703. 1 


LE CT, XXIII. 


Aving gone through the Theory of the Su- 

perior Planets, and their Satellites, ſo far 
as the Nature of our Purpoſe required; We now 
undertake the Inferior, Venus and Mercury, which 
are deſtitute of all viſible Attendance. ' And here 
we ſhall-proceed in the ſame Method as we have 
done hitherto, laying down their Phænomena 
firſt, and then adding the Solutions of the ſame 
out of Aſtronomy. Now thoſe Things which 
have been noted concerning them by Aſcrono- 


1 


mers, are as follow: 
125 1 4 ö 8 4 EIT: ; 
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Phenom. (1.) The Periodical Times of Venus 
and Mercury, thoſe in which they go over the 
Ecliptic, are, contrary to what happens in the 
Superior Planets, altogether equal ; and are mea- 
ſured by the Annual Motion of the Sun through 
the Ecliptic : Inſomuch, that the Sun, Venus and 
Mercury, if their apparent Motions be ſtated by 
the Interval of many Years, will be found to go 
over the Zodiac in an equal Space of Time. 


Phenom. (2.) But this notwithſtanding; there 
is ſuch an Inequality in every particular Motion 
ef theſe Three, that it is very ſeldom that all 
Three agree amongſt themſelves, or that any 
Two of them agree wich each other in the Velo- 
city of their Motion. | 


Phenom. (3.) Although the Periodical Times 
of Venus and Mercury are ſo exactly equal to the 
Tropical Year ; yet if you look at thoſe Periodi- 
cal Times of Venus, which are from one Situa- 
tion to the Sun to the ſame again, they will 
be found much longer than the like Periodical 
Times of Mercury. 


Pbænom. (4.) Theſe Planets never come to 2 
Square of the Sun, much leſs to an Oppoſition 
to him: and in the mean while, that they depart 
from the Sun ſometimes to the Eat, ſometimes to 
the Weft; their greateſt Elongaton never amounts 
to the Diſtance of two whole Signs; Mercury be- 
ing carried from the Sun never further than the 
Space of 28 Degrees, and Venus never exceeding 


tlie Interval of 48 Degrees. 


Pbæ- 
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Phenom. (5.) Later Aſtronomers have obſery'q, 
That Ven, at what time it begins to depart from 
the Sun towards the Ea, and is yet at a mean 
Diſtance from him, doth appear by degrees great- 
er; and when it comes back to the Sun, and is 
now in this return in a mean Diſtance from him, 
. it then ſeems leſs : And on the contrary, that the 
ſame Star, when it begins to recede from the Sun 
towards the Ea##, doth appear by degrees leſſer ; 
but when it returns again to him, then it puts on 
2 greater or larger Appearance. And they who 
have uſed the beſt Glaſſes, have obſerv'd the ſame 


Things of Mercury. 


| Phenom. (6.) The greateſt Elongations of Ve- 
um, whether to the Eaft or Vet, are unequal, 
and to be eſtimated by our unequal Number of 
Degrees: Which is true alſo of Mercury. 


Pbænom. (.) Almoſt the ſame Directions, Sta- 

tions, and Retrogradations are obſerv'd in theſe 
Inferior Planets, as were above noted in the Su- 
perior; and partly the fame Circumftances of 


thoſe Mutations. 


. Phenom. (8.) Thoſe Phænomena which were 
obſerved in the Superior Planets, as to the vari- 
ous Inclination of their Orbits to the Ecliptic; 
and moſt & the Things which depend upon that 
Inclination, are likewiſe obſerved in the Inferior, 


Phenom. (q.) The Bodies of Venus and Mer- 
cury are ſometimes, though very ſeldom, obſerv'd 
to * interpos'd betwixt the Sun and the Earth, 
in the Form of Spots upon the Diſcus of the Sun. 
Theſe are the Phænomena; and now we pro- 
ceed to the Solution of them in order. | 


Phænom. 
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Phænom. (1.) The Periodical Times of theſe two 


' Planets, contrary to what comes to paſs in the Superior; 


thoſe Periodical Times I mean in which they go through 
the Ecliptic, are altogether Equal, -and are meaſured by 
the Annual Motion f the Sun; ſo that the Sun, Venus 
and Mercury, if we look at their Apparent Motions at 
the End of a great Number of Years, will appear to have 
gone through the Zodiac in equal Spaces of Time. 

Solut. This Difference of the Apparent Moti- 
ons of the Superior and Inferior Planets, is ow- 
ing not to any true Diverſity of their Motions, 
but wholly to the diverſe Poſition of our Earth 
with reſpect to them. For all the Planets, one 
as well as another, do circulate in the ſame man- 


ner about the Sun, in their ſeveral Periods of 


Time reſpectively; and according to this perpe- 
tual Law, to wit, that the more remote One of 
them is from the Sun than another, the longer 
Space of Time it takes up in performing its 
Courſe; and Venus conſequently is carried about 
the Sun in a leſs Space of time than the Earth, 
and Mercury in a leſs than Venus: He therefore 
that ſhould behold theſe Circumvolutions from 
the Sun, would ſee the Inferior Planets, as well 
as the Superior, performing their Circuits through 
the Zodiac, each in a Period proper to himſelf, 
and wholly independent upon the Period of any 
other. But ſeeing we that behold them from the 
Earth, are in an Orbit more remote from the Sun, 


than are the Orbits of theſe two Planets, Venus 


and Mercury, and which comprehends them with- 
in itſelf ; It muſt. needs be, that the Apparent 
Motions of theſe two Planets in the Zodiac will 
not ſo much depend upon their proper Motions, 
as on the Motion of the Sun, to which they are 
connected; and that they will appear to be join'd 
with the Motion of the Sun in the Zodiac, and to 


go forwards with the ſame Pace. Phæ- 


* | 
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Phenom. (2.) Net « there notwithſtanding ſo great 
an Inequality in every particular Circuit pack the 
Zodiac of theſe Three, that they ſeldom agree all Three, 
or even any Two of them in their Velocity. 

Solat. If theſe Two Planets had no proper 
Motion about the Sun, but always kept their Si- 
tuation with reſpect to him unvaried; they would 
always proceed with an equal Pace with the Sun: 
But ſeeing their Apparent Motion is deriv'd from 
Two Circumſtances, their own proper Motion, 
which is in itſelf not ſomewhat uneven; and the 
Poſition of the Earth, which is various, and every 
Day changing, and in which the Earth is every- 
where without the Compaſs of their Ocbits; It 
is no wonder, if theſe two Inferiors, although 
their Zodiacal Periods be of the ſame Number 
with thoſe of the Sun ; yet that, this notwith- 
ſtanding, they ſeem to be carried unequally, and 
to proceed {lower and quicker by Turns. 


Phænom. (3.) Although the Periodical Times of 
Venus and Mercury in the Ecliptic, are ſo exactly 
Equal both of them to the Tropical Tear ; yet the Perio- 
dical Times of Venus, if they be rec kon d from any one 
Situation of the Star, with reſpect to the Sun, unto the 
next like, or ſame Situation thereof, are found to be 
far longer than the ſame Periodical Times of Mer- 
cury. ö 

Solut. This Inequality is according to that eſta- 
bliſh'd Law of the Heavens, which was before 
mention'd ; Venus being nearer to the Sun than 
the Earth is, and Mercury nearer than Venus. For 
from hence the Periodical Time of Mercury, as 
conſidered in it ſelf, and with reſpe to the Fixed 
Stars, muſt neceſſarily be a great deal ſhorter thin 
is that of Venus. Nor doth the View of their Mo- 
tions from the Earth wholly take away this Ine- 

| | quality ; 
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quality; for Mercury, by reaſon of its ſwifter 

Motion, will ſooner overtake the Earth, which 

hath gone forwards in the mean while, than Ve- 
nus will. From whence their Periodical Times 

muſt neceſſarily appear unequal. 


Phænom. (4.) Theſe Planets never come ſo much as 
to the Ouartile or Square of the Sun, much leſs to an 
Oppoſition. And the greateſt Elongation of Mercury 
doth not exceed 28 Degrees; nor that of Venus 48. 

Solut, That theſe two Planets can never reach 
to the Square of the Sun, is manifeſt from the fol- 
lowing Scheme. In which let the Circle BECE 


B 


Is 


250 Aſtronomical Lectures. 


be the Orbit of the Earth: A DGH the Orbit 
of Ven: NMI K the Orbit of Mercury. Here 
the greateſt Elongation of Venus from the Sun is 
defin'd by the acute Angle LB A, comprehended 
by the Line BL drawn from the Earth to the 
Sun, and the BA which toucheth the Orbit df 
Venus; And the like is to be ſaid of the more a- 
cure Angle LB N, which determines the greateſt 
Elongation of Mercury. But now as for the 
Quantity of the Angles aſſign'd in the Propofi- 
tion, this is found from the Semi-diameters of the 
Orbits known by Obſervation, together with Tri- 
gonometriczl Calculation; or rather diſcovers it 
ſelf immediately by Obſervation. | 


Phznom. (5.) Later Aftronomens have obſere/d 
that Venus, at what Time it begins to depart jrom 
the Sun towards the Eaſt, and is yet at a mean 
. Diſtance from him, doth appear by degrees greater; 
and when it comes back to the Sun, and s now in 
this return in @ mean Diſtance from bim, it then 
ſeems leß: And on the contrary, that the ſame Star, 
when it begins to recede from the Sun towards the 
Eaſt, doth appear by degrees leſſer ; but when it 
returns again to him, then it puts on a greater or 
larger. Appearance, And they who bave uſed the 
beit Glaſſes, have obſery'd the ſame Things of Mer- 
cury. | ; 

Solut. As to theſe noble Obſervations, which 
do utterly confound and overthrow the Ptolomaic 
Hyporheſis, I will explain them in the Words of 
the Famous Dr. Gregory. © If, ſaith he, (P.7.) 
Ve compute what Face of Venus is enlightned in 
* the diverſe Situation of the Star with reſpect 
* the Sun; and what Face of the fame Star is 
oy turned do the Earth, and is ſeen in the Orbit 

on 3 BF CE; 
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© FCE; It will be manifeſt that Venus at R 
© being the neareſt of all to us, will not be ſeen 
& ar all by us; for that it turns its obſcure Face 
* only to us at that time: But when it hath gone 
“forward into the Situation D, then ſome Part 
* of the Enlightned half will be turn'd to us, 
but much more of the Dark balf. And 
** here, ſeeing the Star is of a Spherical Figure, 
and ſeems plain, the Enlighened part will ſeem 
* to be form'd into Horns turn'd from the Sun, 
that is, towards the Veſt: | which indeed is the 
Face of Venus, when ſhe begins to be the 
Morning. Star.] But then as ſhe goeth for- 
* ward to the Place G, about half of her En- 
* lighrned Hemiſphere will be turn'd to us; 
from whence ſhe will appear halved. And 
then in the Situation O, ſhe becomes gibbous, 
* by reaſon that more than half of her Enlight- 
* ned Part is at that time turn'd to the Beholder. 
* And then when ſhe comes to P, in which 
place: ſhe is moſt remote from the Earth, ſhe 
* ſhines with a full Orb, becauſe then ſhe turns 
her whole Enlightned Part to us. Moreover, 
Venus will put on the very ſame Faces ſuc- 
* ceflively but in the Reverſe Order. In the 
* Points Q, H, A; in Q it will be gibbous ; in 
* H halved ; in A horn'd ; but with the Horns 
* now turn'd to the Eaſt, and conſequently in an 
* oppoſite Poſition to what they were in D. 
Which Face appears when ſhe now ceaſeth to 
be the Evening-Star.”) Thus far Dr. Gregory. 
From which it is moſt eaſy to derive the Solution 
of the preſent Phænomenon. But here we muſt 
take heed, leſt being deceived by a general Con- 
ſideration of the Phaſes, we imagine that che 


Appearance of Vnus is the brighteſt about P, or 
even 


2 
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even about Q and O. For as,to P, where it is, 
if I may ſo ſpeak, in Oppoſition, the Neigh- 
bourhood of the Sun hinders its being ſeen art all. 
And then as for O and Q, it is true indeed that 
it ſhines at that time with almoſt a full Face; but 
then it is at that time very diſtant from the Earth; 
and conſequently its Diſtance diminiſheth the 
Apparent Magnitude of the Light; ſo that it is 
about the Points A and D that it ſeems the 
brighteſt. For let Venus be mov'd from P to H; 
In this Caſe indeed part of her Enlightned He- 
miſphere is turn d away from us, and is no more 
ſeen by us; but this is compenſated abundantly 
by her approaching nearer to us; for ſeeing the 
Splendor increaſeth in the Duplicate Proportion 
of the Acceſs, it is in the preſent Caſe much 
more-increaſed by reaſon of the Nearnels of the 
Star, than it is diminiſh'd in reſpect of the Quan- 
tity of its Enlightned Part which is turn d to us. 
And the ſame Thing happens in its going for- 
ward from H to A, or ſomething further. But 
then, betwixt A and R this holds not; for by rea- 
ſon of the Nature and Direction of the Circular 
Curvity, in the Arch A R, the Acceſs increaſeth 
but a little, and the Quantity of the viſible En- 
lightned Hemiſphere is diminiſh'd more than a 
little ; and conſequently the Duplicace Proportion 
of the Acceſs cannot make amends for the De- 
creaſe of that Portion of the Enlightned Hemi- 
ſphere which is turn'd to us; from whence it 
mult neceſſarily come to paſs, that its Light muſt 
daily more and more be diminiſh'd, until ac 
length it ſets Heliacally, and ſo ceaſeth to appeat 
at all to us. Which Thing, the Nature and Di- 
rection of the Circular Curvity would occaſion, 


that in the Arch PQ alfo, when Venus is in P, if at 
FR that 
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that time it could be ſeen by us for the Neigh- 
bourhood of the Sun, -it would not only turn us 
more off its Enlightned Hemiſphere than it doth 
in Q, (for in P it is in the Full, but in Q only 
Gibbous,) but ic would appear brighter than it 
doth in Q, the Duplicate Proportion of the Ac- 
ceſs notwithſtanding. All which Things are ma- 
nifeſt in an attentive Conſideration of the Mat- 
ter, and are ſumm'd up in one Word thus: As 
long as the Duplicate Proportion of the Diſtan- 
ces exceeds the Proportion of the Decreaſe of the 
Viſible Portion of the Enlightned Hemiſphere, 
as in the whole Arch QA, ſo long the S 
of Venus increaſeth; but when it falls ſnort of the 
ſame, as in the Arch A D, it muſt needs appear 
leſs ſplendid. Now I reckon it to be worth the 
while to explain this Matter with ſo much Dili- 
gence, becauſe it is of ſome Concern, and is alſo 
liable to be miſtaken ; and hath ſcarce, that T 
know of, been ſufficiently explained by any be- 
fore; though it is not ſo eaſily to be applied from 


Venus to Mercury, by reaſon of the Diverſity of 
the Diſtances. 


Phznom. (6.) The greateſt Elongations of Venus, 
whether to the Eaſt or Weſt, are Unequal, and con- 
tain an Unequal Number of Degrees, Which Thing 1 
true likewiſe of Mercury. 


Solut, This Inequality ariſeth from Two 


; Things; to wit, the Eccentricity of the Orbit of 
0 Venus, as taken in Conjunction with the Eccen- 
c tricity of the Earth's Orbit. For if L A, the true 
- Diftance of Venus from the Sun be Unequal, or 
, if LB the Diſtance of the Earth from the Sun 
be Unequal; it cannot be, but that in the Tri- 


angle LBA, the Angle LB A, which we call the 
; T greateſt 


mov d in Conſequentia; and the ſame is to be rec- 
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greateſt Elongation, ſhould be Unequal : And if, 

as the Matter indeed is, both the Lines LA and 
LB be liable to ſome Inequality, as it really is, 
it is no Wonder if the ſaid Angle be yet more 
unequal, and more unlike to it felt. 


Phænom. (7.) Almoſt the ſame Directions, Stati. 
ont and Retrogradations are obſery'd in theſe Inferiir 
- Planets, as were above noted in the Superior; and 
partly. the ſame Circumſtances of thoſe. Mutations, 


Solut, Let us conſider the former Scheme, and 
in the firſt Place ſuppoſe the Earth to be un- 
- moveable in the Point B; and-now ſee in what 
manner either of theſe two Planets will appear 
to us, ſuppoſing the even Tenor of its Revolu- 
tion about the Sun; and let the Planet be pla- 
ced at P. Now it is manifeſt that the Planet, 
whilſt it is carried in the Arch PQ, from P to Q, 
that is, from the Weſt to the Eaſt, is direct, or 


kon'd of the Arches QH and HA. But not- 
withſtanding that, the Angles PB, 6B 4, yB!, 
FBS, £BC, which ſtand upon the equal Arches 
PB, fy, ys, e, e, are ſufficiently unequal, and 
the Planet will ſeem to be mov'd unequally in 
thoſe Arches; and in ſuch fort that about P-it 
will be carried moſt ſwiftly ;-and by ſo much the 
more flowly, by how much the nearer it comes 
to the Point A. Where, when it is come, it will 
advance in Conſequentia with a Motion infinitely 
ſlow, that is to ſay, none at all; and from thence 
will be term'd Stationary : But then, when it 5 
removꝰd a little from the Point A, and whilſt it 
performs the Arch AR, it will meet and fall in- 


co the former Lines BY, Bs, BJ, By, B&; and 
TAR | con- 
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conſequently will appear moved with a Retro- 


. grade Motion ;- and this will hold alſo whilft it 


runs over the Arch RD; until at the Point D it 


becomes Stationary again, and afterwards all a- 


long the Arch DP it will appear direct. And 
thus it will be mov'd perpetually. But then, 2dly, 
the Earth being ſuppos'd to be moved in its own 
Orbit, but with leſs” Celerity than the Interior 
Planet, this will bring in ſome Change in this 
Matter, although not much; for by reaſon that 
the dire& Motion hath the Motion of the Earth 
conſpiring or combin'd together with it, it will 
be ſwifter than otherwiſe ic would have been, 
and the Stations will be beyond the Tangent BA. 
As on this Side the other BD; the Retrograde 
Motion will be ſlackned, and the Intervals which 
are betwixt the Middles of the like Directions 
and Stations, and the Middles of the Regreſſes 
will be prolonged ; howbeit in the mean while, 
as for the Stations, Directions. and Retrogradati- 
ons themſelves, the Thing will be ſcarce other- 
wiſe than it would have been if the Earth were 
fix d in its Place; as will appear plain to any 
one that duly weighs the Matter. But now, as 
for the reſt of the Phxnomena hereunto apper- 
taining, thoſe, to wit, which feſpect ſome Dif- 
ferences betwixt the Directions, Stations and Re-— 
greſſes of Venus and Mercury compared with one 
another: Theſe will be ſo caſily underſtood from 
what was ſaid concerning the like Differences in 
the Superior Planets, that it is needleſs to enlarge 
in this Place about thoſe Niceties. 


Phznom. (8.) Thoſe Things which were noted 10 be 
ſerved of the Superior Planets, as touching the vari- 
ous Inclinations of their Orbits to the Ecliptic, are ob- 


ſerved likewiſe in the Inferior, T a Sen 


276 Aſtronomical Lectures. 


Solut. What Phænomena belong to this Place, 
are altogether a- kin to thoſe which we explained 
before, when we treated of the Superior Planets ; 
and therefore require no particular Explication 
in this Place. Only it may not be amiſs to note, 
that the Angle of the Inclination of the Orb of 
Mercury to the Ecliptic, is the greateſt of all, and 
no leſs than ſeven whole Degrees. From whence 
certainly greater Anomalies as to Latitude are to 
be expected in this Orbit than in any other. 


Phenom. (9.) The Bodies of Venus and Mercury 
are ſometimes, although very ſeldom, obſerv'd to be in- 
terpos d betwixt the Sun and the Earth, in the Form of 
Spots in the Sun. 

Solut. Seeing the Orbits of theſe Inferior Pla- 
nets do each of them interſe& the Plane of the 
Ecliptic, in two Nodes; if a Conjunction with 
the Sun happens about either of theſe Nodes, it 
is manifeſt that then the Planet muſt be inter- 
pos d betwixt the Sun and the Earth; and appear 
like a certain Spot in the Diſcus of the Sun. 


Feb. 1. 17 05. 
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* LECT. XXIV. 6 


H E laſt Phænomenon, which was concern- 

ing the Appearance of the two Inferior 
Planets ſometimes in the Disk of the Sun, we 
came to and touched upon in the foregoing 
Lecture; but we did but touch upon it. But ſee- 
ing this is one of the moſt noble amongſt our 
Aſtronomical Phænomena, and upon it in part 
the Parallax of the Sun depends, and conſequent- 
ly the abſolute Diſtance of the Planets from the 
Sun, and from one another ; and foraſmuch as 
the moſt acute Dr. Halley hath publiſhed an 
excellent Diſcourſe in our Philoſophical Tranſ- 
actions concerning theſe Phænomena, 
and the Calculation of the ſame; It Ne. 193. 
will be worth our while co treat of 


this Matter more largely; and what Things 


Dr. Halley hath touched too briefly, to open more 
diſtinctly and fully, and to add ſome Things which 
have been omitted by him. From undoubted 
* Obſervation therefore (to uſe Dr. Halley's own 
Words) as well as from the Principles of true 
* Aſtronomy, it hath been found, that Mercury 
* and Venus do ſometimes enter the Disk of the 


dun, and are bcheld in the ſame in the Like- 
© neſs of blackiſh Spots. But by what Law, ac- - 


* cording to what Conditions, and in what In- 
” tervals of Years theſe Phænomena offer them- 
" ſelves to be ſeen by us, I know not whether 
0 any Aſtronomer unto this day hath duly de- 
* find : However, I have not ſeen any thing of 
© that nature in Print, Wherefore I ſuppoſe it 
will not be a Thing unacceptable, if I apply 
TT 3 | I. my 
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* my ſelf in good Earneſt to this Diſquiſition ; 
ce and I hope that in the preſent Diſſertation 1 
“ ſhall be able to open clearly a Matter very per- 
plex d, and that is by few underſtood. It is a thing 
© therefore plain enough, that theſe Appearances 
© of the ſaid Planets happen in their Conjuncti- 
* ons with the Sun; to wit, when the Sun is fo 
ce near to their Nodes, that the Latitude of the 
Planet, join'd to that of the Sun, doth not ex- 
te ceed the Apparent Semi- diameter of the Sun“. 
But for the more eaſy tracing out the Limits and 
Conditions of theſe Conjunctions, J ſhall treat 
of the two Planets ſeverally; beginning with 
Mercury; and ſhall endeavour to open the Grounds 
of the Calculation in the following Lemmata. 


wy 


Lemma (.) The mean Diurnal Motion of 
Mercury, to an Eye placed in the Sun, is fix De- 
grees, with three firſt Minutes, and fifty two 
Seconds; to wit, when it is found in the 
aſcending Node; but when the Planet is in the 
other Node, only three Degrees with 34' and 12”. 
Which great Difference of Velocities proceeds 
from the Eccentricity of the Orbit, and the dit- 


ferent Diſtance from the Sun in thoſe different 
Nodes. 9 


Lemma (2.) The Diurnal Motion of Mercury 
from the Earth, as beheld from the Center of the 
Sun, amounts in the Aſcending Node unto five 
whole Degrees, three firſt Minutes, and 48 Seconds; 
In the Deſcending Node, it is limited by one 
Degree, 55 and 28“. Which Quantities, the 
mean Apparent Motion of the Sun being taken 
away on bath Sides, [ on this Side 57 firſt Minutes 
with 56 Seconds; and on that Side one whole 

2 Degree 
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Degree and 20 Second Minutes] are eaſily found 
from the mean Motion of Mercury ; which was 
defin'd before. | 


Lemma (3.) Therefore the Angular Motion 
of Mercury from the Earth being given in both 
Nodes, (the Eye being ſuppoſed to be placed at 
the Center of the Sun ;) There will alſo be given 
the Angular Motion of Mercury from the Sun, 
with reſpect to an Eye placed upon the Earth, 
by the following Analogy : As is the Diſtance 
of Mercury from the Earth, to the Diſtance of 
the ſame from the Sun; ſo is the Angular Motion 
of Mercury as ſeen from the Sun, which was juft 
now found, to the Apparent Angular Motion of 
the ſame. in reſpect of the Earth; [to wit, in the 
Aſcending Nod | | 


i 


67591 :31365 ; 5 deg. 3'. 48“: 2 deg. 20'. 48”. 
In the Deſcending Node 
75699: 45308;; 1%. 55". 28“: 14. 35. 28'.] 


Lemma (4.) The moſt diligent Aſtronomers 
have obſerved that the Aſcending Node of Mer- 
cury is found to be now about 15 Degrees of Tau- 
rus, or more exactly, in the 16th Degree and 44th 
Minute of the ſame; thus it is at this day; and 
ſeeing the Nodes as well as Aphelia of the Primary 
Planets do reſt, their Place will not be found 
to be changed in the Ages to come. 


1 Lemma 
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Lemma (5.) The Angle in which the Plane 
of the Orbit of Mercury is inclin'd to the Eclip- 
tic is according to Kepler, (to whom the later A- 
ſtronomers alſo 923 of ſix Degrees and 54 [as 
we noted a little before. ] 


Lemma (6.) The Angle of the viſible Way of 
Mercury with the Ecliptic, whilſt he is ſeen with- 
in the Diſcus of the Sun, is much greater than the 
Angle in which the Plane of the Orbit of Mer- 
cury is inclin'd to the Ecliptic ; and in that Con- 
junction which is at the Aſcending Node is of 80, 
15. But in the Conj unction at the Deſcending 
Node it amounts to 10 18. [The Reaſon of 
which Increaſe was ſhew'd, when we treated of 
the like Increaſe in the Lunar Calculation : 
Where likewiſe we handled ſome other Niceties 
relating to thoſe Matters, which yet are ſcarce 
of ſo great Moment in this Buſineſs, that we 


need cperouſly to apply the ſame to the preſent 
Calculation. ] | 


Lemma (7.) The Diurnal Motion of Mere 
in his own Orbit about either of the Nodes, is 
greater than his Diurnal Motion in the Ecliptic; 

and about the Aſcending Node it performs 
20. 22. 409”. About the Deſcending, by reaſon of 
the Increaſe of the Angle of the viſible Way to 
the Ecliptic, it is proportionally ſomething grea- 
ter, and eaſily to be found by Trigonometry. But 
he that underſtands well the Lunar Calculation, 
or the Difference of right Aſcenſions and Longi- 
tudes in the Solar Calculation, will eaſily appte- 
hend the Force and Meaning of this Lemma. 


| Lem- 


n- 
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Lemma (8.) If a Conjunction of the Sun and 
Mercury happens in the Node it ſelf, Mercury will 
ſo * through the Diſcus of the Sun, that it will 
paſs over his very Center, and then the Conti- 
nuance of his Tranſit will be the greateſt of all. 
But if the Conjunction happens either a little 
before, or a litte after his Coming to the Node, 
it will paſs over the Diſcus of the Sun, but more 
remote from the Center ; ſo that it will feem to 
deſcribe not a Diameter, but a Subtenſe or Chord 
of that Diſcus only. | 


Lemma ('9.) If you be minded to find the 
Bounds of theſe Limits, thus it is done. In a 
Rectangle Triangle, whether Spherical or Plane, 
which is comprehended in the Viſible way of XMer- 
cury, together with the Ecliptic, and a Perpendi- 
cular Let-down to that Viſible way, there is gi- 
ven the Angle which the Viſible way makes with 
the Ecliptic, and the Side oppoſite to the ſame ; 
which is Perpendicular to the Ecliptic, and equal 
to the Apparent Semi-diameter of the Sun : There- 
fore there are alſo given, by the known Operati- 
ons of Trigonometry, the other Sides ; the one of 
which plainly determines the Longitude of Mer— 
cury from the Sun in the Ecliptic, the other that 
in his own Orbit, where Mercury ſhall only touch 
the Diſcus of the Sun, but not enter the ſame. 
However this is to be noted, that becauſe of the 
Diverſity of the given Quantities in both Nodes, 
a different Calculation is to be made about them. 
Which Thing hath place alſo in moſt of the Pre- 
cepts of this Part of Aſtronomy. 


Lem- 
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Lemma (10.) If Mercury therefore ſhall be once 
obſerv'd in ConjunRion with the Sun in either 
Nede ; and to that Moment of Time the Mean 
Annual Motion of Mercury ſhall be added, fo oft- 
ten, until his Place, either in Exceſs or Defect 
ſhall be leſs diftant from the Sun's Place than 
the Limits above defin'd > It is manifeſt that this 
Planet will either before or after his coming to 
the Node, paſs over the Diſcus of the Sun; I 
mean, if we take the Annual Motions not as 
agreeing to the Tropical, but the Sydereal Year, 
[for the Line of the Nodes is fix'd with reſpect to 
the Fixed Stars, and not with reference to the 
Points of the Tropical Year.] But it is to be 
obſerv'd, that we do therefore make uſe of the 
Mean Motions only, becauſe that by reaſon of 
the Fixedneſs of the Apſides as well as of the 
Nodes, Mercury, when it is placed in either of 
thoſe Nodes, hath always the ſame Anomaly in 
each Period of his Orbir. From whence it fol- 
lows, that we have no need here of any Proſtha- 
phereſis or Equation, and that the Mean Motions 
do every-where ſuffice of themſelves. 


Theſe Things therefore being premiſed, we 
ſhall not think much here to inſert the Me- 
thod or Synopſis of this Calculation, taken out 
of Dr. Halley, and fitted to the Aſcending 


Node. 


2 
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Let Mercury, Retrograde, be joined with the Sun 
Centrally, in the Aſcending Node, in the Month of 
October; and from the foreſaid Hypotheſes [and 
Lemmata] the Calculation will ſtand thus. 


There will be found 44 


The Longitude of the Sun from _ 

firſt Star of Aries. 6-15-44-00 
The Longitude of Mercury, as * ' 

from the Sun. 0-15-44-90 
The Diſtance of Mercury from * 

Sun of 31365 Parts. | 
The Diſtance of Mercury from the 

Earth | the Diſtance of Mercury 

from the Sun being taken from 

the Diſtance of the Earth from 

the Sun] of 67591 Parts, 


The Angle of Inclination of the Fo. 4.c. 
Orbit of Mercury. jo , hates 

Six Hours Motion of Mercury, a5 To. 1-20 58 
ſeen from the Sun. 5 

The Sun's Motion in the ſame Six bo. O15 F 
Hours, | 


Hence [| che latter Number being ta. 
ken out of the former] the Mo- >,. 
tion of Mercury from the Sun, in 5 
Six Hours. 

His Motion from the Sun in Six þ 0- 0-25-12 
Hours, as {een from the Earth. 

And the Angle which the Ecliptic 
makes with the Viſible way of o- 8-15- 0 
Mercury over the Sun, | | 

And hence the Morion of Mercury O 
in his own Orbit, in Six Hours, * 

: ODS Then 


I-IF-F3 


From whence by the Given Wes ; 


Mercury therefore returns to the Sun (> 


A 
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0 1 
s " 


Then the Motion of Mercury in a 
Sydereal Year makes, over and>1- -24-45- 8 
above Four Revolutions ; a8 

In thirteen Years therefore it makes 11-2 I-46-44 


There are wanting therefore unto 


Fifty-four entire Revolutions, bo. 813-16 
* 4 h 7 
Which Space Mercury runs over in o- 2-00-13 


In which Space of Time the Sun's 
Place is advanced ; ( and Mercury PE * ' * 
placed in the Node, is ſo much Po- 2- 1-00 
diſtant from its Conjunction with 
the Earth. ) 

But that Arch, as beheld from 8 bo 
Earth, is o- 0-56-10. 


by the Viſible Way 8-155 there 
ariſeth the Baſe, or 'Diſtance from 
a Viſible Conjunction in the E- 
cliptic, 

Which Arch is run over by eas. 7 Sp 
according to the Horary aten o- 9-21 

already ſtated, 

But 13 Sydereal Years. exceed ſo ” 38 BY 
many Julian, with three Interca- Co o- 8-00 
lations, by Hours, 


9534 


after 13 Years, and Days over 
and above, 

Or with Four Intercalations, if the 
Year foregoing be the Third from 
Biſſextile, after 


0 2-17-34 


o- 1-17-74 


But 


— 


. 


Aſtronomical Ledures. 285 


s O 


But from the Arch 56'-10”, and the 5 
Angle of the Viſible Way with 
the Ecliptic [8 15] given, the 
Perpendicular, or the neareſt Di- o- o- 8- 3 
ſtance of Mercury from the Sun 
becomes known by Trigonometry, 

Therefore Mercury, after 13 Years 
being to be ſeen within the Sun, 
goeth more Northerly by 8-3”. 

By the like Argument Mercury 5 
moved in 46 Sydereal Years, TY 

There- are wanting therefore — 


191 entire Revolutions, O- 1-23-52 
8 

That is, in time 8 12”, O- o- 8-12 
W O * ”#” 


4 

In which Time the Sun is advanced- o- o- 20-41 

This Arch, as ſeen from the Earth 
is of 90:36“. 

The Baſe agreeing to it. o- o- 9-30 


2 © 0- o- 9-36 


But the Time in which Mercury runs o. 
over that Baſe, is 


4 


But 46 Sydereal Years exceed ſo7 4 h 
97 3 


many Fulian, with 11 Incecalac-C o- o- I 

ons, by Hours . 

But Mercury returns to the Sun after 

46 Fulian Years, and Days over 

and above, 

Or with 12 Intercalations, ( as it 
comes to paſs when the foregoing 
Year is the 2d or 3d from Biſſex- 
tile) Hours over and above, wm 


o- I- 4-FI 


O- O- 4-FTI 


Now 
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Now the Perpendicular, whereby)? 
Mercury is carried forward towards ę o- 
the North, is 
The moſt exact Period of Mercury r 
to the Sun is accompliſh'd in 5 
Sydereal Years, and Hours over 
and above, 
But theſe Sydereal exceed ſo many 
Fulian, with 66 Intercalations, by 
Hours | 


From whence, after 265 Julian Years, . 
0 


| Mercury returns to the Sun; and 

Fours over and above, 

6 But if the foregoing Year be Biſſex- £ 
O 


o- 11-311 


| 
| 
| 
| 
| 
| 
| 
| 


tile, let there be added a Day, 
which will make it, 


111-311 


So that at laſt, after this Interval, this Planet 
moves more Northerly by no more than ten Se- 
conds. 
| But the other ſtraiter Periods ure eafily diſco- 
vered out of thoſe already found; and they are 
of Six or Seven Years. 

As for that. of Seven Years, it depreſſeth Mer 
cury towards the South 22 Minutes and 47 Seconds, 
and comes ſooner by 7 whole Days, abating 9 Mi- 
nutes, if there ſhall be two Intercalations. But 
with one Intercalation, when, to wit, the former 
Year is Biſſextile, only Six Days are to be ſub- 
ſtracted, but adding the 9 Minutes, as before. 

But it more ſeldom happens that this wander- 
ing Planet is ſeen in the Diſcus of the Sun at Six 
Vears End; for in the cloſe of this Period he 
paſſeth more Northerly by 30. 50“; and this 
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Slower by 8 Days, 17 Hours, 25 firſt Minutes, 
if the precedent Year be the 2d or 3d from 
Biſlextile ; otherwiſe 17 Hours and 25 firſt Mi- 
nutes are to be added to 9 Days. | But if here 
it be enquired how it can come to paſs, that 
theſe two laſt Periods..can ſhew Mercury ſome- 
times in the Diſcus of the Sun, although they in- 
fer a Latitude of this Planet larger than the 
Semi-diameter of the Sun? It is to be anſwered, 
That if in the beginning of either Period it hap- 
pens that the Place of Mercury is ſo far diſtant 
from his Node on one Side, as in the End of the. 
{ame Period he is diſtant from it on the other 
Side; from thence it follows, that his true La- 
titude from the Ecliptic doth in no wiſe exceed 
the Semi-diameter of the Sun.] From whence 
it follows alſo, that theſe ſhorter Periods of Mer- 
cury may ſhew it ſometimes in the Diſcus of the 
Sun. Let theſe ſuffice for the Conjunction of 
Mercury with the Sun at the Aſcending Node, 
which is always to be expected in the Month of 


F 


October. 


May 24. 1703. 


er 
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LE CT. XXV. 


E now proceed to a Conjunction df M- 
cury at the Deſcending Node, and to the 
like Coniunctions of Venus. 

Let Mercury therefore be in Conjunction with 
the Sun at the Deſcending Node, in the Month 
of April; and from the Hypotheſes which were 
above laid down, there will be had | 


0 3 

The Sun's Longitude from the firſt 

Star of Fes * 25 1 "444 
Mercury's Longitude, as ſeen _ 

— 5 8 ; 6-45-4460 
TheDiſtance of Mercury from the 

Sun, of Parts, ' a eas 
The Diſtance of the ſame from — 6 

= of Parts, f 3799 
The Six Hours Motion o ee 
' as ſeen from the Sun: oo * 
The Sun's Motion in the ſame time- o- o- 14-29 
Hence, by ſubſtracting the Motion 

of Mercury from that of the Sun, C o-o- 28-52 

we have in Six Hours, | 
And the Angle with the Ecliptic of 

the Way of Mercury, as ſeen with- So- o- 18-00 

in the Sun : 
And the Motion of Mercury ſeen in 


his own Orbit, for Six Hours, Fo _— * 


From whence, by following the foregoing 
Calculation, it is diſcovered that Mercury, after 
13 Julian Years, and 3*. 7". 37', over and above, 
comes to a Conjunction with the Sun: But 1 the 

ore 


—uIX ww > ow 


foregoing Year ſhall be the zd from Biſſextile, 


then one Day is to be taken away from the for- 


mer Number ; and then indeed Mercury will be 
found to be carried more Southerly by 16. 55". 


Moreover, after 46 Julian Years, with 12 Inter- 


calations, let there be added 7*. 14'; and a Cor 

junction of Mercury with the Sun will be had in 
the more Southern Path at 2.53”. But if the 
former Year were Biſſextile, or the firſt from it, 
there will be one Day to be added to the former 
Account, that the Conjunction may be had ex- 
actly. Likewiſe after 245 Lears, at which time 
Mercury declines to the South only 22“; there is 
to be added either 14. 1 1h. 49“; or, the Day being 
left out, only 95. 11. 49, according to the Rule 
preſcribed before for the Intercalar Year. But as 
for what concerns the ſmaller Periods, they are 
eaſily diſcover'd by thoſe already found. For 


Earth and Mercury, and the enlarged Arches 
which follow thereupon, Mercury doth not return 
do the Sun to be ſeen within his Diſc. But after 
ears he paſſeth over the Sun in a more Nor- 
therly Way 14. 2; and the Moment of Con- 
junction is had hy Subſtracting from the Time of 


2 che former 3d. Ok. 23, if it ſhall happen in the 3d 
Lear from Biſſextile; otherwiſe by Subſtracting 
20. oh, 23 oily. 


Theſe therefore being found, it is eaſy to con- 
52 ünue the Account of all theſe Conjunctions, and 

bis wich the greateſt Certainty, and without any 
Heſitation, whether they be all poſſible of no: 
The Moments of the Conjunctions, and the Di- 
ances of the Planet from the Center of the Sun, 
we obtain'd by Addition alone: From whence, 
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in 6 or 7 Years, becauſe of the Nearneſs of the 


—— 
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by the help of Tables, which ſhew the Half. 
Continuances of theſe Eclipſes, and are to be 
had out of Dr. Haley, their Durations do eaſily 
become known; ſo that there ſeems nothing 
farther wanting in this Matter. ; 
But as to the Epocha's or Roots, they are more 
fafely obtained by the Induſtry of Obſervers, than 
by the moſt ſubtle Calculation, as Dr. Hally 
himſelf obſerves; and therefore he rightly gathers 
them from a Conjunction of Mercury with the 
Sun, at the Aſcending Node, obſerv'd exactly 
by himſelf; and one at the Deſcending Node, 
obſerv'd by Hevelizs, But ſince neither of theſe 
Conjunctions were Central; whereas the fore- 
going Computation is grounded upon a Central 
dne: It will be very proper in this Place to ſhew 
how the Radical-or Central Epocha is gathered 
out. of thoſe which have been obſerv'd ; which 
Thing indeed Dr. Halley hath omitted. From 
theſe other Epocha's therefore there is given the 
Diſtance of Mercury from his Node, in the Middle 
of the Conjunction; and from his mean Motion 
is known the Interval of Time agreeing to the 
ſame Diſtance ; from whence alſo is given the 
Moment of Time, in which Mercury either very 
lately poſleſs'd his Node it ſelf, or will preſently 
do it. From which given, and his Periodical 
Motion ſufficiently known before, by the Addi- 
tion or Subſtraction of Periodical Times, we ſhall 
at length come to that Moment of Time in his 
Periodical Revolutions, in which the Center 
both of Mercury and the Sun poſſeſs' d the ſame 
Point. e 

And thus we have obtain'd the Point of 4 
Central Epocha, or the Primary Root; from 
which, by Addition alone, the Moments and ſe 
r DIE vera 


/ #©,c tron Is 


al 
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veral Phænomena of all future Conjunctions 
may be drawn, by following the Direction of 
the foregoing Precepts. And thus to compute 
and define the ſeveral Conjunctions in order, will 
not, as Dr. Halley remarks, require much Labour; 
and accordingly he ſets before us in their Order, 
all the Phænomena of this Sort which have ap- 
pear'd in the laſt Age, or ſince the Uſe of the 
Teleſcope ; and together with them, all thoſe 
which will appear in the Age following; noting 
alſo, and diftinguiſhing from the reſt, choſe that 
will be ſeen at London in Whole or in Part. All 
which will be preſented to your View diſtinctly 
in ſome Tables hereafter. 


We come therefore now unto Vena and her 
Viſible Conjunctions with the Sun; which in- 
deed are not ſo frequent as thoſe of Mercury; to 
wit, becauſe of the ſlower Motion of Venus, by 
reaſon of which it is longer e're ſhe reacheth 
ro any given Places ; add to this, that her 
Periodical Times are leſs commenſurable to, and 
conſequently do more rarely coincide with thoſe 
of the Earth: So that this Spectacle is, as Dr. Halley 
ſpeaks, like one of the Secular Games, and whac 
the ſtrait Laws of this Planet's Motions allow 
not any Mortal to have a fight of, any-more than 
once, if ſo much. But as to the Periods them- 
ſelves, they are not ſo accurately to be defin'd as 
thoſe of Mercury; for never but once, and that 
was by our Horrox, was Venus found within the 


Diſcus of the Sun. But the Motions being cor- 


rected, as much as the leſs exact Obſervations of 
former Times would permit, we here ſet before 


you the Sum of the Calculation. 


V 2 Let 
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Let Venus, Retrograde, be in Conjunction with the Sun 
Centrally, at the Aſcending Node, in the Month of 
November; and, according to what hath - been 
— delivered about Mercury , there will be 

ad. 


| pI Lg :u-:* 8 
The Longitude of the. Aſcending 
Node of Venus from the firſt Start 1 600 
of Aries, (to an Eye placed in 5 
the Sun,) 
The Sun therefore is joined to Ve- | 
nus in the oppoſite Point, (that 7-I5-16-08 


is, in theſe Ages about the End 
of November,) i 
The Diſtance of Venus from the Sun, . - 
of Parts, | 71957 — 
The Diſtance of Venus from the : 
Earth, of —_— g 726428 * 
The Inclination of the Orbit of 
Venus to the Ecliptic, ; 9 
The Motion of 8 Sydereal Years, 
above 13 Revolutions, 
The Motion of Venus in 235 Syde- 
real Years, above 381 Revolu- 11-29-17-39 
tions, 
The Motion of Venus in 243 Syde- 
o- 0-48-8 


tor I-30-28; 


real Years, above 395 Revolu- 
tions, 


From theſe Principles, according to the fore- 
going Method, there ariſe by Computation theſe 
oKowing Intervals of Times and Diſtances. 


At 
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At the End of 8 Years it is revolv'd to the Sun, x 
if there be taken away from the Moment of the | 
former Tranſit 24. 10". 52. 30'. But it moves 
then in a Path which inclines more to the South 
than the former by 24. 41”. 

At the End of 235 Years, if there be added 
24. 10l. 9', Venus will again enter the Sun; but 
in 2 way more Northerly by 11. 33”. But if the 
foregoing Year were Biſſextile, there are to be 
added 39. 10h. 9. 

At the End of 243 Years Venus paſſeth through 
the Sun again; only there are 43 to be taken 
away from the Time of the formery but ſhe go- 
eth more Southerly by 13. 8”. But if the prece- 
ding Year were Biſſextile, add 23". 17 ; to wit, 
the Complement of the former Ablaticious Time 
unto a whole Day. And in all theſe Appulſes to 
the Sun in the Month of Nowember, the Angle of 
the Viſible Way with the Ecliptic is 95. 5'; and 
her Horary Motion within the Sun 4.7. Where- 
fore ſeeing the Semi-diameter of the Sun is 
16“. 210, the greateſt Duration of the Tranſit of 
Venus will be 7h. 56. And thus much for a Con- 
junction at the Aſcending Node. 


Now ler Venus be in a Central Conjunction with the 
Sun, at the Deſcending Node, in the Month of May; 1 
and by performing the Caculation according to the 1 
foregoing Method, 


It will be manifeſt, that after the leaſt Interval 
of 8 Years, there are to be taken away 29. Gh. 55"; f 
and that it will paſs in a more Northerly Path by 
19 58“. It will be manifeſt alſo, that at the End 


of the next Interval, of 235 Vears, there are to 
V 3 be 
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be added 24. 8h. 1807; or if the foregoing Year was 
Biſſextile 30. 8h. 18. And that it paſſeth along in 
a more Northerly Path by 9. 21. And laſtly, It 
will be manifeſt, that at the End of the longeſt 
Interval, that of 243 Years, there is to be added 
15. 23 ; or if the former Year were Biſſextile, 
14. 18. 23; and that at that Moment of Time 
Venus will again be found in Conjunction with 
the Sun, but in a Path more Northerly by 
10. 37 - 

Bur in every Tranſit at the Deſcending Node, 
the Angle of the Viſible Way-with the Ecliptic 
within the Sun, is 8*. 28 ; and her Horary Mo- 
tion 4 ; and the Semi- diameter of the Sun ſub- 
tending an Angle of 15“. 5”; the Reſult is, that 
the greateſt Duration of the Central Tranſit is 
-h, 56, preciſely the ſame as before. 


As to the Epocha's, they cannot be fetch'd 
ſafely from as elſe than Mr. Horrox's Ob- 
ſervation. Now from thence, according to the 
Method which hath been laid down, it will be 
eaſy enough to compure the future Phænomena 
of this kind by Addition alone. And Dr. Halley 
' hath done this ro our Hand, for a whole Millen- 
nium in ſhort Tables, which I ſhall here adjoin. 
The next Tranſit of Venus will be in theYear 1761, 
May 26. a little before Six a Clock in the Morn- 
ing; and in this Tranſit ſhe will be diſtant to the 
South from the Center of the Sun not above 
4 Minutes. 


The 
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The Series of the Moments in which Mercury join d 
to the Sun, and to be beheld within the Diſcus of 

the ſame, throughout the laſt paſt; and the preſent Age ; 
together with the Diſtances of the Planet * the 
Center of the Sun. | | 


— 


* 


A PRIE 

| Year 5 of Conj. Dif. from Cent. © 
—_— 1 x: 3 7 £3 
268 af 5 29% 9 46 
XX WM 4 & 37: 
1674 26 12 29 12 28 A 
m7 24 12 6 x 4628 
—_— 2 i 4a. ar ar 23 
2 235 2x 4&2 15 36 B 
1771 24 19 20% 1 
23 18 . mn a 7 
1799 26 2 zg4** & 32- © 


V 4 OC'T 0- : 
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OCTOBER. 
| Tear F ward Cong. _ Dip. Fom Ceps. © 
1605 22 8 29 12 48 A 
1618 * 4 47 A 
11631 27 19 37 * 3 18 B 
1644 30 1 xx xx 21 B 
1651 23 13 20 11 26 A 
t 4 3; 23 A 
1677 8 4 40 B 
1690 zo 35 1 
1697 23 18 11* 19 4 A 
1710 26 11 bf HE eo 
1723 9 5 19 1 
(£730 22 5 28 16 45 A 
1736 zo 22 52 * 3 
] 1743 4 8 42 A 
1756 26 16 36 o 39 A 
1769 29 10 10 3 24 Þ 
1776 22 10 19 i5 23 A: 
1782 Nov. x 3 44* 15 27 B 
nnn 7 20 A 


— 


Thoſe Tranſits that are noted by one Aſterisk 
are in part viſible at London; and thoſe that have 


two, are wholly ſo. 


4 Table 
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A Table of the Moments of Time when Venus 
will be ſo cloſely in Conjunction with the 


Sun's Center at the ſame Moments. 


The Month of November. 


Year Timeof Conj. Diſt. from Cent. 
" "Hs Rig LOI | 
918 20 21 53 6 
11161 20 21 10 6 F652 A 
1396 23 7 20 4 38 F 
1631 26 17 29 x6. 22 -- 
11639 24 6 37 8 30 Al] 
1874 26 16 46 3 
12109 29 2:56 14 36. B 
[AXTY 26 XG 3 i .: £8 
The Month of May. 
Year " oh aa e 


1048 24 13 45 3 Fo 
1283 23 8 14 1 
b „ 9 1: 14. 7 
25 16 32 14 F2 
11526 23 9 37  __ 

1761 25 17 65 4 15 
1769 23 11 0 15 42 
1996 28 o2 13 13 36 
2004 25 19 18 6 22 


* 
— 
— 
4 
O0 


pp tt 


May the laſt. 1703. 


Sun as to be ſeen within its Disk, for a 1000 
Tears; with that Planet's Diſtances from the 
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LECT, XXVI 


Hes now gone through the Phæ nomenz 
of the Planets ; our next Work will be to 
teach how to define and point out their Places 
in the Heavens for. any Given Moment of Time; 
Only, by way of Preface, it will be fit here to 
ſearch out firſt, and ſet forth the Geometrical 
Calculation of them, which hath hitherto been 
ſo much wanted. 


The Geometrical Calculation of the Places 
| of the Planets. 


Lemma (1.) T HE Area's which the Primary 

Planets deſcribe about the Sun 
are every-where even, and proportional to the 
Times of their Deſcriptions ; to wit, if Rays be 
ſuppoſed drawn from their Centers to the Center 
of the Sun. And the Area's which the Secon- 
dary Planets deſcribe about the Centers of their 
Primaries, (allowing for ſome Perturbation from 
the Attraction of the Sun,) are alfo every-where 
even, and proportional to the Times. This Pro- 
poſition, which was firſt found out by Kepler from 
the Phzaomena, and hath been ſince demonſtra- 
ted by the Famous Sir Iſaac Newton, is every- 
where acknowledged now, as the firm and un- 
ſhaken Foundation of all ſound Aſtronomy ; and 
* needs not our Proof of it in this 
Place. 


EZemm. 


„. GW a. 
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Lemma ( 2) All the Primary Planets are 
carried about the Sun in Ellipſes : And the Sun 


poſſeſſerh the Lower Focus of them all. his 


Propoſition alſo, which was firſt diſcovered: by 
Kepler, and ſince demonſtrated by Sir 1/aac New- 
m, requires not to be demonſtrated in this Place. 


Lemma (3.) The Angular Motion of the Pri- 


mary Planets, with reſpect to Rays drawn to the 


Upper Focus, is not altogether even. This alſo, 
25 being every-where acknowledged, I take for 


granted. 


Lemma (4.) The Area of the Ellipſis cannot 
be divided Geometrically according to any Gi- 
yen Proportion by a Right Line paſſing through 
the Focus ; and conſequently is only to be at- 
tempted by Approximations. This is alſo a ching 
well known amongft Geometricians ; for the true 
Quadrature of an Ellipſis and Circle being un- 
known, it is not to be hop'd that we ſhould be 
able by any Method ſtrictly Geometrical, to di- 
ide either the Area of an Ellipſis, or of a Circle 
in a Given Proportion. We muſt betake our 
ſelves therefore to ſuch Methods of Approxima- 
tion as are deriv'd from the Principles of Geo- 
metry, : 


Lemma (F.) The Area of an Ellipſis may be 


exhauſted by a great Number of Circular Sectors: 


E. G. In the Figure, let the Angles DAs: 4 Ab, 
Au, &c. be, as near as may be, equal, and ſuffi- 
dently Small. And let the Circular Sectors be 
DAz ; Ab: Ac: cAd, &c. whoſe Rays are 
| oY Arichme- 


I 


* 


— — — % 


— — 


— 
— 


— 


=. 


LA " — - — — — 
* 
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Arithmetical mean Proportionals betwixt thy 
Diſtances of the Ellipſis from the Focus A; Da, 
Aa: Aa Ab: Ab Ac: Ac Ad: It is manifeſt here, 
that the Area of the Ellipſis is every-where x 
good as equal to the Aggregate of the Area's of 
_.-theſe Sectors; and canſequently, that if inſtead 
of Elliptical Area's, we aſſume theſe Circular 
Ones, we ſhall not introduce any Senſible Errors 
into our Calculations. Beſides, if we ſuppoſe the 
Planet mov d evenly through every Circular Arch, 


C 


L 


* 


but 
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but in a due manner either accelerated or retard- 
he ed at the changing of tlioſe Arches, the Matter, 
upon the whole, will be the ſame : For the Dif- 
re, MN ference of Motions ariſing from this Hypotheſis 
» WM is ſo very ſmall, that it is not to be regarded. 


Lemma (E.) A Problem. In any Triangle what- 

ar ſoever ABC, [See the Fig. following] there being 
ns Ml given one Angle BAC, and one adjacent Side 

he AC and AB + BC, the Sum of the other Sides: 

h, To find the Side AB. 


From the Point C, let there be 
let down the Perpendicular Cr 

unto the Side AB which is ſought. 
Here in the Rectangular Triangle 
CrA, becauſe of the given Angle 
CAr, and the Hypotenuſe CA ; 
there are alſo given the Sides Ar 
and rC. From the given Sum 
of the Sides therefore AB+BC, 
take away the given Side, and 
there will remain rB+BC, the 
Sum of the two Sides given. The 
vide rB is demanded. For the 
finding of which, 

Let »B+BGC given be called e: 
and C given be called b; and /A 
7B ſought be nam'd a, and BC be 
called e; and Things being thus prepared, thus 
the Problem is ſoly'd. 


BBC 
r1C==b 
7B oy 


BC==g 


ut 
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11  cc*=a9-þ22e-hee. * ver 4. 14 

K | + per 47.1.1, 

2| Therefore cc—bb=2ae-]-244, | 

4| But | 22 24 ac. T per 1. J 2 

5 * cc bb Fase; and conſequently 
1 

6 -— Sa. Q. E. I. 


| 2c | 
In Words thus, There being found by Trigono. 
metry the Sides Ar and r7C; if you take the 
Square of the Side C out of the Square of the 
Sum of the Sides rB+BC, and divide the Re. 
mainder by the double Sum of thoſe Sides, to 
wit, 2rB-|-2BC, there will be given the Side rh 
which being added to the Side rA found before, 
will give the Side AB, which was ſought. Q. E.. 


Coroll. (1.) Seeing therefore in the Ellipfis DEN 
(of Fig. p. 300.) there is given one Side AC, the Di. 
ſtance, to wit, of the Focus s; and the Sum of the other 
Sides, which is always equal to the greater Axis; ibe if 
Diſtance from the Focus may be found at any Angit 
whatever by this Problem. ©. E. D. 


Coroll. (2.) There will alſo be gi ven the other Sid, 
or the Diſtance from the other Focus; for the Diftant 
of any Point of the Ellipfis from either Focus, being 14- 
ken out of the greater Axis; the Remainder is the Di- 
ſtance of the ſame Point from the other Focus. 


Lemma (.) The Angular Motion of the Pla- 
nets about the Sun, in the lower Focus, is reci- 
procally Proportional to the Square of the Di- 

ſtances from that Focus. 

For ſeeing the Area's are every-where Propot- 


tional to the Times, and conſequently thoſe 
Which 


— . —˙ . —⁰ — A 
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which are deſcrib'd in equal Space of Time are 
equal; ſo much as the Diſtance is diminiſh'd, ſo 
much muſt the Motion, or Circular Velocity of 
the Planet neceſſarily be increas'd ; and, on the 
contrary,by how much that Diſtance is increas'd, 
by ſo much muſt the Velocity be diminiſh'd. But. 
the greater true Velocity in the Periphery of the 
Leſſer Circle, doth by fo much increaſe the Ap- 
Angular Velocity about the Focus, by how 
much the Periphery is leſs; and fo on the con- 
trary, = leſſer Velocity in the Periphery of the 
ater Circle, diminiſheth the Angular Velocity 
about the Focus, as much as the Periphery is the 
greater. And ſeeing the Proportion of the Pe- 
ripheries is the ſame with the Proportion of the 
Diſtances, it 1s plain that the Angular Velocity 
which ariſeth from both Cauſes, will be every- 
where in the Duplicate Proportion of the ſame 
Diſtances reciprocally. Q. E. D. 


Lemma (8.) If the Semi-diameter of a Circle 
be a Mean Geometrically Proportional betwixt 
the Semi-axes of an Ellipſis, the Area of the 
Circle will be equal to the Area of the Ellipfis. 
For it is known that the Area of a Circle, whoſe 
Semi-diameter is the greater Axis, is to the Area 
of a Circle, whoſe Semi-diameter is a Mean Pro- 
portional between the Semi-axes, in the Dupli- 
cate Proportion of the Semi-diameters; that is, 
(by reaſon of the Mean Proportional) as the 
greater Semi- axis is to the leſſer; that is, ( ac- 
cording to the known Property of the Ellipſis,) 
as the Area of a Circle whoſe Semi- diameter is 
the greater Semi-axes, to the Area of the Ellipſis. 
Seeing . therefore the ſame Circle beareth the 
fame Proportion to the Area of a Circle, whoſe 
/ Semi- 
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Semi-diameter is a Mean Proportional betwixt 
the Semi-axes which it bears to the Area of the 


Ellipſis ; it follows; that that Circle and the El. 
lipſis are equal betwixt themſelves. , Q. E. D. 


Coroll. (1.) Thoſe Points therefore of the Elipſi 
CDi. i.] from which the right Lines Ai, A i, drawn to 
tbe Focus, are each of them Geometrical Mean Propor. 
tionals betwixt the Semi-axes of the Ellipſis HB, BE, 
determine the Places of the Mean Motion of the Planet, 
and the Limits of the Proſthaphereſes. For let there 
be ſuppos d in a Circle deſcribed with the Semi- 
diameter Az, a Body revolving uniformly about 
A, in the mean while that the Planet is mov'd 
in an Ellipſis with an uneven and unequal Mo- 
tion ; yet ſo in both, that the Equality of Area's 
may be preſerved every-where ; and in the be- 
ginning of the Motions let both be ſuppoſed 
placed in the ſame Line of the Apſides HD, 
Things being thus ſuppoſed, it is manifeſt that 
both of them, if they ſhall begin to revolve at 
the ſame time, will deſeribe Area's equal on both 
Sides, although circulating for the moſt part at 
an unequal Diſtance from the Point A. From 
whence alſo the Body evenly moved in the Cir- 
cle, will always ſhew the Mean Anomaly of the 
other. And when the Planet in the Ellipſis ſhall 
come to the Points i. i, an equal Area will be de- 
ſcribed on both Sides, with an equal Diſtance, or 
Semi-diameter ; and conſequently from the high- 
eſt Apſis to the Line Az, the Mean Motion will 
be ſwifter than the True; and from the Line Ai; 
to the loweſt Apſis, the Mean Motion will be 
flower than the True; and in the ſame manner 
it will be from the loweſt Apſis to the Line A; 
but from the Line As, unto the higheſt —_ the 
| | | San 


a 
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Mean Motion will again be ſwifter than the 
True; until, the Contraries deſtroying each 
other, both the Motions coincide in the higheſt 
Apſis again; and fo, perpetually. | 


Coroll. (2.) I the Deſcent therefore of the Planer, 
from the hig bel Apſis, the Equation is to be increas'd 
longer than it is to be diminiſh'd ; and, on the contrary, 
in the Aſcent to be diminiſh'd longer than increas d. 


For in the Deſcent from D to i it is to be in- 


creas'd, and from i to I to be diminiſh'd ; but in 


the Aſcent from H to #5 to be increas'd, and 
from i to D to be diminiſh'd. But ſeeing the 
Area Al Di is greater than the Area AiHz, and con- 
ſequently AiDA, half of the former, is greater 
than AHA, half of the latter; it therefore re- 
quires a longer Time ſor the Deſcription, and 
the Propoſition is from hence manifeſt. 


Coroll. ( 3.) All Aſtronomic Tables which change 


the increaſe or decreaſe of the Proſtaphereſis elſewhere 


than at the Points (i, i); as do the moFt of them which 
are hitherto extant, define the Places of the Planes 
wrong, eſpecially about the leſſer Axis; for where they 
ought to increaſe the Equation, they often times diminiſh 
it ; and on the contrary, It 15 no wonder therefore 
if in thoſe Places there hath been a notable Diſ- 
agreement of thoſe Tables from the Heavens hi- 
therto; for ſince the Poſition of the Points 
(„i) was unknown, the Place determining the 
Increaſes or Decreaſes of the Equations muſt, 


lave been unknown likewiſe. e n 


Coroll. (4. The Places of the Points i, being once 
deter min d, if the Proportion of the Area's DAi, i AH, 
be withal exa&ly known ; the Tithe of the arrival un- 

vs X 70 
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to the Points 1,1 will withal be exactly known ; and the 
Bordering places on this ſide and on that may be deter. 
min d al with great Exactneß. Which certainly is 
of great Advantage in Calculations. 


Lemma (9.) A Problem. In the Circumference 
| of an Ellipſis of a given Kind to determine the 
| Place of the Point i, or the Angle DAi. In the 

6] Triangle CiA all the Sides are given. CA=to 
the Diſtance of the Focus's; iA==to the Mean 

Proportional betwixt the Semi-axes ; i C to the 

Difference of 1A from the longer Axis. There- 

fore all the Angles are given, and conſequently 


the Ang. DAi. Q. E. I. [| But in the Ellipſis 


which the Earth deſcribes, from the Eccentricity 


which is 1. that Ang. is of 899, 20 almoſt.], 


Lemma (10.) Problem. To find the Angles of 
the Circular Sectors, or to divide the Elliptic 
Area into 360 equal Spaces, contain'd under un- 
equal Angles : I mean, upon this Suppoſition, 
that the Ellipſis is not ſo Eccentrical, 1A thaj a 
Circular Sector, containing one Degree, may 
ſafely be aſſum'd inſtead of an Elliptic Sector. 
Let it be made thus: As As. q. is to Ai.q. ſo the 
Seconds of one Degree = 3600 to a 4th Number; 
which will afford you the Angle anſwering to the 
firſt Degree in ſecond Minutes. Then the Line 
As having been found by Lemma 6, let it be made, 
As Aę is to Aiq, ſo is 3600 to the Angular Seconds 
belonging to the 2d Degree. And Ay having 
been found by the ſame Lemma, reaſon in the like 
manner concerning A); and ſo of the reſt. 
Thus I fay the Thing is done. For ſeeing by 
Lemma (7.) the Angles or the Sectors which are 
made by Radius's drawn to the Focus, be * the 

. » ec 


And! 


19 » 
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* 


| Reciprocal Proportion of | the Squares of the Di- 


ances ; and, the Angles already found be. like- 
wiſe by Conſtruction, as the Squares of the ſame 
Diſtances reciprocally: It is manifeſt that cheſs 
Suns are equal to the ſame Sectors, and con- 
equently that they always determine the Places 
of the Planet in the Ellipſis agreeing to whole 
Degrees reſpectively. Q. E. I. 


1 * 
oo. A 
—_ 
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A PROBLEM. E 
The Mean Anomaly | any Planet being given, 
to find 4. Coequate. * 


I. is a Thing well known, that Kepler, the Au- 
thor of the Elliptic Aſtronomy, could not by 
any Direct and Geometrical Way ſolve this Pro- 
blem. It is likewiſe known, that neither the Fa- 
mous Ward's Hypotheſis, which ſuppoſes, but not 
rightly,” the Angular Motion about the Superior 
Focus to be even: Bullialduss Hypotheſis alſo, 
which 1s grounded upon a like Foundation, hath 
not exactly agreed to the Calculation of the Pla- 
ces of the Planets, either agreeably to the Laws 
of Geometry, or Aſtronomical Obſervations, 
Nor hath any Man yet been able to aſſign the 
Places of the Planets. priori, or in a Direct and 
Geometrical Way, agreeably to the Celeſtial Ob- 
ſervations, ger Aue ent. | 9 
This Blot we ſhall endeavour to wipe off from 
Aﬀtronomy: by the following Geometrical Me- 
thod which we propoſe. - FT af 

Let Ai, or a Mean Geometrical Proportional 
ovine the Semi-axes of the Ellipſis be found ; 


be applied from the Inferior Focus, to the 
X 2 Pert- 
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Motion. Let there alſo be found 360 right Lines 


on one Side of the Tranſverſe Axis, will ſerve 
alike for both Sides, ) which right Lines compre- 


ample: Jet the Coequate Anomaly which an- 
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Periphery of the Ellipſis. By what hath been 
before demonſtrated, the Point i will be the Place 
where the Angular Motion is equal to the Mean 


Ae, As, Ay, Ad, &c. (or 180 only, which being 


hend ſo many equal Sectors; And then, laſtly, 
Jet there be taken Numbers proportional to an 
Aggregate of the Squares of the Lines Ae, AF, 
Ay, As, &c. and an Aggregate of ſo many 
Squares of the Line Al. The Aggregate of the 
Squares of Ae, Ag, Ay, AS, &c. added together, 
will be to the Aggregate of ſo many Squares of 
the Line Az, as is the Mean Anomaly of the 
Angles, to their Coequate Anomaly. For Ex- 


ſwers to the Mean Anomaly of 10 Degrees be to 
be found; Let it be made; as the Aggregate of 
the 10 firſt Squares Azq--A&q+Ayq4+Adq, &c. 
is to 10 Aiq, ſo are 36000 Seconds, the Meaſure 
of 10 Degrees, to a 4th Number; which will 
expreſs the Coequate Anomaly, or the Angular 
'Diftance of the Planet from the Line of the Ap- 
fides, whereby the True Place of the ſame in the 
Elliptic Orbit is determin'd. In like manner, if 
"there be given the Mean Anomaly of 23 De- 
grees =8400”; and the Coequate be agb; Say, 
as Aa Aα¹ A7 is to 23 AU, ſo is 8400", to 
the Seconds of the Coequate Anomaly ; and ſo 
ever where. And thus we have taught to find 
the Coequate Anomaly directly out of the Mean. 
Q. E. F. And thus much in this Place for the 
Geometrical Calculation. 
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Bras we yet actually ondertake the Calcula- 
tion of the Planet's Places; we have cer- 
tain Lemmata to ptemiſe, as Foundati- | 


ons of that Calculation, that we may See Gregory, | 


not only ſet before you the Practice 1 
it ſelf, but the Reaſon of it. 

Lemma ( 1.) If a Circle be deſcrib'd u pon 
PCA, the leateg Axis of the. Ellipſis PBA, 2s 
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the Diameter, and from the Point G taken any- 
where in the Circumference of the Circle, there 
be let fall the Perpendicular GE upon the greater 
xis, cutting the Ellipſis in the Point L; and 
rom 5, either of the Focus's, there be drawn 
unto G and L the right Lines, SG, SL; the mixt 
Triangle AGs, contain d under che right Lines 
SA and SG, and the Circular Arch AG will be 
to the whole Circle, as the mixt Triangle ALS 
conta ind under the right Lines SA, SL, and the 
Elliptic Arch AL is to the whole Ellipſis. For 
the Proportion of GE to LE, and of all the Pa- 
rallels to GE, which, according to the Method 
of Indiviſibles, fill up the Circular and Elliptical 
Area's, is always given, from the Conical Ele- 
ments: and is the ſame with the Proportion of 
DC, the Semi-diameter of the Circle, or half of the 
greater Axis of the Ellipſis, to BG the ſeſſer Semi- 
axis of the ſame. From whence it is, that as 
GE is to LE, fo is the Space AGE in the Circle, 
to the Space ALE in the Ellipſis. And, accord- 
ing to Euclid's Elements, in the ſame Proportion 
is the Triangle GSE ;unto the Triangle LSE. 
From whence the Space AGS, which is com- 
pounded of AGE and GSE together, is to the 
Space ALS, which is compounded of ALE and 
LSE together, as the whole Circle, is to the 
whole Ellipſis ; and alternately; the miſe Trian- 
gle is to the Circle, as the mixt Triangle 


c 

GS 

ALS, to the Ellipfis. E. D. 
Corall. , If therefore we can divi 


Area into Parts which hape a Giv 
ſhall be able alſo-to divide the Elli 
For it is lufficientao-divide 


the Circular 
roportion, we 
in like manner. 
Semi-circle PDA 


2 
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by the right Line SG, according to that Propor- 
tion; and from the Point G, to let fall unto PA, 
the Perpendicular GE, which cuts the Ellipfis in 
L ; for the right Line SL being drawn, will divide 
the Semi- ellipſis in the ſame Proportion, in which 
the Semi-circle was divided by SG. From whence 

it follows, that if ABP be the Elliptic Orbit of 
any Planet, in the lower Focus of which the Sun 
is placed ; As the Mean Anomaly of the Planet 
in L is repreſented by the Trilinear Elliptic Space 
ALS, ſo it may be repreſented likewiſe by the 
Trilinear Circular Space AGs, if inſtead of the 
whole Elliptic Space we take the whole Circular 
Space ; for we do not here conſider the abſolute 
Quantity of the Spaces, but the Proportions of 
the ſame ; which we have juſt now demonſtrated 
to be the'very fame in the Circle as in the 


Ellipfis. 


Lemma (z.) A Problem. Any Elliptic Orbit 
being given, that is, the Species of the Ellipſis 
which the Planet deſcribes being given, which 
is always determin'd by the Proportion of- the 
Axes ; To determine the Mean Anomalies, and 
the True Anomalies anſwering to them. 

Let ALBP be the Orbit, the Proportion of the 
Axes whereof, to wit, of AP or DF to BH, that 
is, of DC to BC is known. Let S be the Sun, 
placed in the Inferior Focus ; A be the Aphelion, 
P the Perihelion, C the Center, CA, or CP, 
or SB (which, according to the Conics,are equal) 
the Mean Diſtance of the Planet from the Sun. 
In the Circle ADPF, deſcribed about the greater 
Axis of the Ellipſis as the Diameter, let there be 
taken at pleaſure from A the Aphelion the Arch 

* 4 | AG, 
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AG, or the Angle ACG, expreſs d in the Num- 
ber of Degrees and Minutes: And here (becauſe, 
by che Elements, the Circular Arch AG is to the 


whole Circumference of the Circle, as is the 


Sector AGC to the whole Circle); if the Area 


of the Circle, as well as the Circumference, 
be underſtood to be divided into 360 equal Parts, 


to wit, into ſo many Circular Sectors correſpond- 
ing to the Degrees of the Circumference ; the 
ſame Number which expreſſes the Circular Arch 


AG will likewiſe expreſs the Circular Sector 


AC; expreſſing the one in ſmall Arches, the 


other in ſmall Sectors. Either of, theſe is called 
by Kepler, the Anomaly of the Eccentrick, be- 
cauſe that they both reſpect not the Focus of the 
Ellipſis, but the Center of it, as well as that of 
the Circle. But now from the Meaſure of the 
Circle, which although it doth not come up un- 
to Geometrical Exactneſs, yet may be perform'd 
accurately enough for any Aſtronomical Calcu- 
lation; there is given the Proportion of the 
Square of the Semi-diameter to the whole Cir- 
cle, (the ſame, to wit, as is that of the Circum- 
ference to the Diameter, or of the Number 355, 
to 113, by Coroll. 2. Prop. 5. of the Select Theorems 
out of, Arcbimedes). And from the Given Species 
of the Ellipſis, there will be given the Propor- 
tion of the Mean Diſtance SB or CA, and allo 
of the leſſer Semi-axis CB to the Eccentricity 
SO; for the Square of BC being taken out of 
the Square of BS, there will remain the Square 
of SC; and the Square Root being Extracted, 
there will be had the Line CS, which we. term 
the Eecentricity.. And from thence, by meaſu- 
ring the, Triangle BCS, there will be given the 
Proportion of the ſame Triangle to the Square 

z 4 0 i 
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of the Radius. Moreover, from the Proportion 
of the aſſumed Arch AG, to the Quadrant of the 
' Circumference AD, there will be given by the 
Tables of Sines, Tangents and Secants, the Pro- 
portion of the Sines of the ſame Arches ; that is, 
the Proportion of DC to GE; and conſequently 
that alſo of BC to GE; that is, according to the 
Elements, the Proportion of the Triangle BCS, 
to the Triangle GCS : There are given therefore 
in ſuch Parts, as 360 make the whole Circle, the 
Sector AGC ; and the Triangle GCS; and con- 
ſequently the Aggregate of theſe ; AGS the Cir- 
cular Triangle, which we above ſhew'd to. be 
Proportional to the Elliptic Triangle ALS; and 
conſequently to repreſent the Mean Anomaly. For 
if the whole Area of the Elliptic Orbit be con- 
ceiv'd to be divided into 360 equal Parts, that 
Part of it ALS, to wit, the Mean Anomaly of 
the Planet placed in L. will contain ſo many 
ſuch Parts of it, as AGs contains like Parts of 
the Circular Area ADP; and conſequently will 
be expreſsd by the fame Number. But it is to 
be obſerv'd that the Triangle LCS, which is Ana- 
logous to the Triangle GCS; is called the Phyſi⸗ 
cal Part of the Equation, and the Angle thereof 
Le the Optic Part. Again, in the Triangle 
CS, the Proportion of the Sides GC and,csS 
ing given, that is, that of the Planet's Mean 
Diſtance from the Sun, unto the Eccentricity ; 
and the Angle GCS being alſo given, which is 
that of the Complement of the Aſſumed Angle 
ACG to two' right Angles; there will be given 
alſo by Trigonometry the Angle GSC; and con- 
ſequently alſo ASL, the Coequate Anomaly ; to 
wit, the Angle, whoſe Tangent EL, is to EG, 
the right Sine of the Angle ASG found before; - 
ke PR Se 4 | + the 
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the Proportion of CB, the leſſer S emi- axis of the 
Ellipſis, to CD the greater Semi- a xis, as we have 
alceady prov'd. And ſince the Mean Anomaly, 
that is, the Trilinexr Elliptic Space ALS expreſs 
in Degrees and Minutes, and the True or Coe- 
quate Anomaly, that is, the Angle ASL, which 
by Computation have in this manner been found, 
do agree to the ſame Aſſumed Circular Arch, 
they will alſo agree to one another ; that is, will 
correſpond. one to the other. And in the like 
manner you may take any other Arch; and from 
thence. by a like Computation, determine the 
correſpondent Anomalies ; which conſ2quencly 
will be correſpondent one to another. 


_ Lemma (3. The Mean Anomaly of any Pla- 
et, Whoſe Orbit is aſſign d. being given, To find 
e true ; as alſo the True Diſtance of the Planet 
from the Sun; and on the contrary, the True or 
Coe quate Anomaly being found, to find the Mean. 
Now, ſince that Direct, Geometrical Method of 
Solving this Problem, which we have ſhew'd, in 
the foregoing Lecture hath not as yet been 
brought into Practice by any, and there are no 
Tables yet built upon it, we are obliged to pals 
it by in this Place; and to explain for the pre- 
ſent an indirect Way, but ſuch as is ſuffici- 
ently, accommodate, to Aſtronomical Uſes, and 
agrecable to  Kepler's' former Method,] There- 
fore. in the Circle ADPE, touching the Planetary 
Ellipſis in the Aphelium and Perihelium, let there 
e hon for the Anomalies of the Ecceatric the 
Arch AG, or which comes to the ſame, the An- 
ge 8. Let the Anomalies, both Mean and 
oe 


ate, correſponding to each of theſe De- 


— —ͤ 
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when you have from thence Tables compiled for 
the giren Orbit of the Planet, exhibiting Ca- 
nons of the Mean Anomaly, and of the Coe- 
quate correſponding thereto for each one of the 
Arches of the Anomaly of the Eccentric, which 
are in Number 179; Let there be ſought amongſt 
the Mean Anomalies, that very Anomaly which 
then happens to. be given; Its Correſponding 
true Anomaly, if it be in the Table, is thatyery 
fame which is ſought for. But if, as it common- 
ly happens, the Mean Anomaly given be not to 
be found amongſt thoſe of the Canon, yet will 


the True Correſpondent Anomaly be eaſily found 


by the Golden Rule, and by the Proportional 
Parts. For, as the Difference of the two next 
Mean Anomalies on this Side and on that, is to 
the Exceſs of the Mean Anomaly given above 
the Leſſer, which is found in the Canon; fo will 
the Difference of the two next Correſponding 
True Anomalies on this Side and on that be to a 
fourth Proportional Number; which when ad- 
ded to the Leſſer True Anomaly, will ſhew the, 
True Anomaly it ſelf, which was fought. If we 
would work without Aſtronomical Tables, Kepler 
adviſeth to do it by the Rule of falſe Poſition ; to 
wit, by putting for the Anomaly of the Eccen- 
tric, the Arch AG, or the Angle ACG, or the 
Sector AGC, which come all to one; [For 
is the Arch AG to the whole Circumference o 
the Circle, ſo is the Angle ACG to four right; 
Ones, and the Sector AGC to the whole Area 
of the Circle ;] By ſuppoſing, I ſay, the Anoma- 
ly of the' Eccentric to confiſt of as many Parts as 
you will, and adding to the ſame thus taken on 
ſubſtracting from it, as there ſhall he occaſion, 
the Analogous Triangle agreeing to be PH en 
8 | . RE « a 'S 20 SES. | ace 
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Part of the Equation, to wit, GSC; that ſo the 
Mean Anomaly AGS may be found. For if it 
ſhall come forth exactly, ſo great as was that 
which was propos'd, the Anomaly of the Eccen- 
eric was put right ; and the True Anomaly be- 
' longing hereto is that which was ſought, becauſe 
it agrees to the Mean Anomaly given. But if it 
doth not come forth ſo great, the Poſition is to 
be amended. - And if at this ſecond Time it ſhall 
come forth exactly, ſo great as is the Mean Ano- 
maly which was given, the Anomaly of the Ec- 
centric was rightly put. But if at this ſecond 
Time the Thing ſhall not ſucceed, the Rule of 
falſe Poſition is to be applied in this manner. As 
the Difference of the Errors, if they, be like, or 
the Sum of them if they be unlike; is to the 
Difference of the Poſitions: So is either Error, 
to à fourth Proportional, which fourth Term 
ſhall be added to that Hypotheſis, from whence 
ſprang the Error that makes the third Term, if 
that Error was deficient ; but to be ſubſtracted 
therefrom, if the ſaid Error was redundant. And 
thus will be had the True Hypotheſis or Anomaly 
of the Eccentric, which will lead you to che 
True Anomaly which was required. Or more 
ſimply thus; As the Mean Anomaly found by the 
HFHypotheſis, is to that Anomaly of the Eccentric, 
which was Hypothetically aſſumed ; ſo is the Gi- 
ven Mean Anomaly, unto the True Anomaly of 
the Eccentric. - But the Anomaly of the Eccen- 
tric being given, there ate alſo given the Mean 
and True Anomaly. belonging to the ſame, and 
e correſpond to each other. 
a E. fn rt 01 8 tts | 
No to ſind the Diſtance of a Planet from the 
Sun, proceed thus: In the Triangle LCS, there 
1 : 15 
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is given the Angle LSC, the Coequate Anomaly 
found above; There is given likewiſe LCS, the 
remaining Angle to two right Ones, with reſpect 
to LCA, whoſe Tangent is to the Tangent of 
the Angle ACG, the Anomaly of the Eccentric, 
as the Leſſer Axis of the Ellipſis is to the greater. 
There 1s pen alſo the Eccentricity SC ; from 
whence by Trigonometry SL alſo becomes known, 
the Diſtance of the Planet from the Sun. In like 
manner alſo, even from Aſtronomical Tables al- 
ready fram'd, .or by the Rule of Poſitions from 
the Given, True or Coequate Anomaly, the Mean 
Anomaly agreeing to the ſame, may be deter- 


| mined. 


- * 


Lemma (4.) As in the Motions of the Planets 
the Proportion of Area's is always the ſame, as is 
that of the Times wherein they are deſcrib'd ; to 
wit, when the Motion is conſidered as about the 
lower Focus; ſo likewiſe the Proportion of the 
Angles is almoſt the ſame, as is the Proportion of 
the Times wherein they are opened ; to wit, 
when the Motion is conſider'd as being about the 
Superior Focus; ſo that a right Line drawn from 
the Superior Focus to the Planet, is turn d about 
well-nigh evenly, and doth very near deſcribe 
Angles proportional to the Times: Thus, when 
the Planet is in the Aphelion, and is mov'd moſt 
Slowly; yet by reaſon of its being at that time at 
the neareſt Diſtance from the Higher Focus, the 
Angular Motion is increas d. And, on the con- 
trary, when the Planet is in the Perihelion, 
and is mov'd moſt ſwiftly, yet by reaſon of 
its being at that time at the greateſt Diſtance 
from the Higher Focus, the Angular Motion a- 
bove it is diminiſhed ; ſo that by how much the 

true 
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true Increaſe of the Velocity in the Perihelium 
doth increaſe the Angular Motion about the 
Higher Focus, by ſo much is the ſame diminiſh' 
by the Increaſe of the Diſtance ; and how much 
the true Decreaſe of the Velocity in the Aphe- 
lion doth diminiſh the Angular Motion about the 
Focus aforeſaid, ſo much doth the Decreaſe of 
the Diſtance add thereto ; and both theſe Thing; 
happen about thoſe Points preciſely in ſuch Pro. 
portion, that the Evenneſs of the Angular Mo- 
tion ſhould in no wile be diſturb'd ; as may be 
ſufficiently manifeſt out of what was ſaid in the 
th Lemma of the foregoing Lecture. But now, 
if we conſider the Angular Motion about the 
Extremities of the Leſſer Axis, or rather at the 
Points where the Motion about the Sun is indeed 
in a Mean, here, by reaſon of the unlike Poſi- 
tion of the Tangents, the Angular Motion is 
perpetually unequal ; ſo that indeed the Angular 
Motion about the Superior Focus from the Aphe- 
lium to the Middle of the Ellipfis is accelerated, 
and from the Middle of the Ellipſis to the Peri- 
helium is retarded ; and from the Perihelium to 
the Middle of the Ellipſis is again retarded ; and 
from the Middle of the Ellipſis to the Aphelion is 
again accelerated; and ſo on perpetually. But for- 
aſmuch as in Orbits not very Eccentrical , ſuch 
as are moſt of the Planetary, there is not ſo great 
an Inequality of this Angular Motion that it 
ſnhould be much perceiv'd ; Let us take a View of 
what Hypotheſes have been grounded upon the 
Evenneſs of the ſame Motion by ſome. very fa- 
mous Aſtronomers of the laſt Age; and what 
Advantage hath been hereby brought to Aſtro- 

nomical Computation, Þ 54.4; av0d * 
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Lemma (5.) The Evenneſs of the Angular Mo- 
tion about the Upper Focus ſuppos'd ; from the 
Given Mean Anomaly, with the very Famous 
Dr.Ward, to find directly the Coequate, and the 
Planet's Diſtance from the Sun in a given Orbit. 
Let ABP in the former Figure be the Elliptic Or- 
bit of the Planet about the Sun, which is plac'd 
in S the Inferior Focus; and let Q be the Supe- 
rior, the Angular Motion about which is ſuppos'd 
to be equal. The Angle AQL therefore will 
every-where be the Mean Anomaly, and the An- 
gle ASL the Coequate. And from the Given 


| Mean Anomaly, let the Coequate be to be found ; 


or from the Given Angle AQL, let there be to 
be found the Angle ASL and the Line SL, which 
is the Diſtance of the Planet from the Sun ar the 
Point L, or the Proportion of the Right Line 
SL to Qs, or AP. For which Purpoſe let QL 
be produced unto R, ſo that LR may be equal 
to LS, and let RS be join d. And now, becauſe 
according to the moſt noted Property of an El- 
lipſis, the Sum of the Diſtances from the Focus 
is every: where equal to the Tranſverſe or greater 
Axis ; That is, QL and LS taken together, are 
ever equal to the Axis AP; QR will be equal 
to the ſame AP: and conſequently in the Tri- 
angle RQS, there being given the Sides RQ, QS; 
with the comprehended Angle RQS, the Com- 
plement of the Mean Anomaly AQ to two 
right Angles; there will become known by Tri- 
gonometry the Angles QSR and QRS, or LSR 
equal to the ſame. The Difference of which 
Angles ASL is the True or Coequate Anomaly 
which was ſought, Furthermore, in the Tri- 
angle L there are given from the very w_ = 

vgle 
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Angle LQS, and the Side QS, and there is now 
found the: Angle QSL, and conſequently the re. 
maining Angle QLS: therefore there will be 
found by Trigonometry the Side LS in Parts of 
the given Diſtance of the Foci SQ; that is, the 
Diſtance from the Sun of the Planet placed at 
the Point L. Which was the Thing to be found, 


Coroll. (r.) In ſeeking the Angles DSR and NR 
in the. Triangle RIS from the given Sides RD and 
DS, and the Angle R. QS comprebended betwixt them; We 
proceed by that moi known Canon of plain Trigono- 
metry ; that as RO ©S, are to R. s, or as the 
Sum of the Sides, 's to the Difference of the ſame ; ſo is 
the Tangent of half the Sum of the Angles R and SR, 
to the Tangent of half the Difference of the ſame ; But 
R. A Q arg equal to AP + DS and RA DS=AP— 
Ser 2 SP; and the Sum of the Angles R and ©SR is 
according to the Elements equal to the External Angle 
ADL, that is, to the Mean Anomaly ; and the Diffe- 
rence of them DSL is equal to the Coequate Anomaly, 
Therefore the Sum of them AP and QS is to 2 PS, or 
the balf of that Sum SA is to half the other; or PS, that 
is, the greateſt Diſtance of the Planet, is to the leaſt Di- 
ſtance of the ſame, as the Tangent of half the ' Mean 
Anomaly c to the Tangent of half the Coequate Anoma- 
ly. In which Analogy thetwo firſt Terms are perpetually 
the ſame in the ſame Ellipſis. © By the like Method is the 
Mean Anomaly to be found out of the Coequate given ; 
neither i there any need à particular Precept in this 
Matter. T1. 1 gu KF 


Coroll. (2.) Hence we alſo very eaſily gather the 
Angle QLS, which we name the Elliptic Equation: 
For by the Elements it zs double to the Angle ORS, 
which v juſt now found; and conſequently is given 
Is | x toget ber 
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together with it. Now this Angle ſubſtrafled from the 
Mean Anomaly ADL, when the Planet deſcends from 
the Aphelion to the Perihelion, or in the Six firſt Signs 

of the Anomaly , lea ves the Coequate ASL : but added 
to the Mean Anomaly in the Six laſt Signs of the ſame,” 
makes the Coequate ; from whence it M alſo named 
Proſthaphæreſis; becauſe it is ſometimes to be ad- 
ded, and at other times to be ſubſtracted from the 
. Anomaly, that the True or Coequate may be ob- 
tam d. | f 


Octob. 25. 1703. 


IND thus we have delivered the Foundati- 
| ons of the Famous Bp. Ward's Geometrical 
Aſtronomy, which wholly depends upon an even 
Deſcription of the Angle about the Superior Fo- 
cus. But ſince this Equality of the Angles doth 
in no wiſe agree with the Equality of the Area's 
about the Inferior Focus, and conſequently not 
with the true Syſtem of the World; let us now 
ſee what ſort of Corrections have been adapted 
by the later Aſtronomers to this Hyporheſis, that 
it might at the ſame time ſatisfy Geometrical 
Raffaings, and the Phænomena of che Pla- 
nets, and be better fitted for Aſtronomical Cal- 
culation, The Famous Bullialdus therefore, in 
his Philolaic Aſtronomy, a Work well known to 
thoſe who ſtudy theſe things, lays this down for a 
Principle, that every Planet is mov'd in an Ellip- 


lis ; but only ſuch an EVipſis, which if it be cut 
| Y oute 


— 
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out of a Cone, will have the Axis of the Cone 
paſſing through one of its .Foci. He ſuppoſeth 
alſo the Motion of the Planet ſo perform'd, as 
that it ſhould be even about the Cone, and in 
Circles equidiſtant to the Baſe of the Cone ; 
from whence indeed, an even Increaſe of the 
Angles at the other Focus than that which the 
Sun is in, through which the Axis of the Cone 
is {ſuppoſed to paſs, doth neceſſarily follow; 28 
the Famous Ward hath demonſtrated. But Bull- 
aldus at firſt knew not this; and unawares fell 
into Ward's Hypotheſis ; Nor - hath he advanced 
any thing in his Philolaic Aſtronomy beyond 
that Hypotheſis. Which is to be ſaid likewiſe of 
Comes Paganus ; who indeed wittingly laid hold 
in good Earneſt on this Hypotheſis as genuine 
and true ; and put forth a Theory of the Planets 
grounded upon it ; and could do no more. 
Now of all theſe it is to be ſaid, that paſſing by 
the True Theory of Kepler, built upon the Equa- 
lity of Area's, they have, brought in a wrong 
Computation; and aſſuming the Meaſure of the 
Mean Motion from the Meaſure of the Angle 
about the Upper Focus, have miſs'd of their Aim. 
Which is likewiſe to be ſaid of Mercator's Hypo- 
theſis alſo. He rightly obſerv'd indeed, that the 
Upper Focus is too diſtant from the Center to 
ſuffice well to the even Mean Motion: But then, 
leaving Phyſical Cauſes, he flees to the Divine 
Section, as it is called, cutting the Diſtance be- 
twixt the Superior Focus and the Center, ac- 
cording to Extreme and Mean Proportion; and 
' ſo that the greater Part of the Section be towards 
the Center, the leſſer toward the Focus; and this 
Point of Section he determines to be the Center 
of the even Mean Angular Motion, Which Hy- 
"5 | potheſis 
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theſis indeed, although it ſeems worthy to be 
preferr d above the reſt of thoſe which are Ap- 
proximating and purely Aſtronomical; yet ſince 
it is neither Geometrical, nor ſuited to Nature, 
and not ſo fit for Calculation, I ſhall proſecute 
it no farther. There remains therefore Bullial- 
dus Correction of Biſhop: Ward's Hypotheſis ; 
which comes nearer to the Truth, and what our 
Calculation, which is made from the Caroline 
Tables, is founded upon. Which Tables being 
the beſt of any that we have hitherto, and they 
being wholly grounded on this correct Approxi- 
mation of Bullialdzs ; it is but meet that we who 
make uſe of thoſe Tables, ſhould open to you 
that Correction which is the Baſe and Founda- 
tion of them. Which we ſhall do almoſt in the 


Words of * Dr. Gregory. 


Lemma (6.) To apply Bullialdus's Correction 
of the foregoing Approximation; and to ſhew 
by the ſame how from the Mean Anomaly given 
to find the Coequate. For Bullialdus defending 
his Philolaic Aſtronomy againſt Biſhop Ward, 
ſhews from four Obſervations made by Tycho, that 
Ward's Hypotheſis, before deſcrib'd, agrees not to 
Mars ; and that Mars in the firſt and third Quar- 
ter of the Mean Anomaly is indeed more for- 
ward than he ought to be according to that Hy- 
potheſis ; but in the ſecond and fourth Quadrant 
of the ſame is not ſo far advanced as that Hypo- 
theſis requires. Although ſtill Bullialdus conſi- 
dered not the Phyſical Syſtem of the moſt Saga- 
cious Kepler, according to which it muſt be thus 


nn. 


— ” 1 


* Aſtronom, Pag. 215, 216. DO 
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in every Ellipſis; and very ſenſibly fo in Mary, 
(the Orbit of which Planet is notably Eccentri- 
cal) as the Numbers brought by Kepler do ſhew. 
But the foreſaid Author reſolving to correct 
Ward's Hypotheſis, that he might requite him in 
his kind, brought in the following Correction of 
the Mean Anomaly. Let ALBP be the Ellip- 
tic Orbit of the Planet; let S be the Inferior 
Focus, F the Superior; A the Aphelion; P the 
Perihehon ; C the Center; CA or CP the 
greater Semi- axis, or the Mean Diſtance of the 
Planet from the Sun; CB the leſſer Semi- axis; 
and let the Angle AFL the Mean Anomaly, pro- 
portional to the Time; according to Biſhop 
Ward's Hypothefis be to four Right Angles, 
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as is the Time in which the Planet goes over the 
Elliptic Arch AL to the whole Periodical Time. 
And becauſe the Point L in the firſt and third 
Quarters of the Mean Anomaly, (that is, whilſt 
the Angle AFL is either leſs than a Right Angle, 
or greater than two Right ones, but leſs than 
three,) is not ſo forward as, Obſervations require, 
but in the ſecond and fourth Quadrants is too 
forward; that is, becauſe the Angle AFL is in 
the firſt Caſe too lictle, in the ſecond too great; 
therefore Bullialdus doth correct this Angle thus. 
Let there be drawn through L à Perpendigular 
to the greater Axis AP, to wit LE, meeting the 
Axis in E, and the circumſcribed Circle in G. 
Let FG be join'd; Let the Angle AFG be al- 
ſum'd for the Mean Anomaly inſtead of AFL ; 
which Angle AFG Bullialdus calls the True- mean 
Anomaly, but Street terms it the Corret Anoma- 
ly; both of, them leaving the Name of Mean 
Anomaly to the Angle AFL, which is proportio- 
nal to the Time; And conſequently the Correct 
Place of the Planet in its Orbit will be the Point 
V, where it meets the Orbit FG. But the Angle 
LFV is call'd by Street the Variation; and the An- 
gle EVS the Elliptic Equation ; and the Angle 
YVS (the Line VY being drawn parallel to the 
Line LF ) the Abſolute Equation. Now the 
Angle of the True-mean Anomaly AFV anſwer- 
Ing to AFL, the Angle of the Mean Anomaly 1s 
readily found. by taking the Angle, whoſe Tan- 
gent is to the Tangent of che Mean Anomaly, as 
is the greater Axis of the Ellipſis to the leſſer; 
and this will be the Angle fought: For as we 
ſhew'd before, GE, the Tangent to the Radius 
FE of the Angle GFE, is to LE, the Tangent of 
the Angle LFE to ine uy Radius; as is DC, 
| POT 3 or 


326 Aſtronomical Ledures. 
or CA, to BC. Moreover, in the Triangle VPS 
there' being given FS, or the Diſtance of the Fo- 
ci; and likewiſe the External Angle AFV, or 
the Corrected Anomaly; and the Sum of the 
Sides FV and VS, or the greater Axis ; the An- 
ele FSV, i.e. the Coequate Anomaly, and the Side 
VS the Correct Diſtance of the Planet from the 
Sun are found in the fame Way as in Ward's The- 
r TE 00% bc. 
And this is Bullialdus's Correction of Ward's 
Hypotheſis ; a Correction happy enough, in the 
Judgment of Dr. Gregory, if it be not ſet above 
its. age Place, and be accounted no more than 
the Correction of an Approximation to the true 
Syſtem ; for ſo much it hath effected, that we 
at length are able to gather the Coequate Ano- 
nialy 4 priori, and directly from the Mean; 
and that the Obſervations are well enough 
anſwer'd at the ſame time - which thing, in 
Mercators Opinion, no Man had done before 
in the Elliptic Hypotheſis ; for which Reaſon 
this Correction is very juſtly applied to Aſtrono- 
mical Calculation. But then, when Bullialdus 
cries it up for the true genuine Syſtem, and fetches 
the Phyſical Cauſes of it (according to his wont) 
from the Cone; he not only leaves the Founda- 
tions of his Philolaic Aſtronomy unexplain d, 
but diſputes alſo as if there were no Phyſical 
Foundations of Aſtronomy at all; whereas it is 
moſt certain, both by Aſtronomical Obſervations, 
and alſo by what the Famous Sir Iſaac Newton 
hath demonſtrated, that the Evenneſs of the Area 
about the Inferior Focus, is the undoubted and 
unſhaken Foundation of all True Aſtronomy. 
To ſhut up all briefly ; He that would have the 


Planets Places calculated with a Geometrical Ex- 
4 | | actneſs; 


» 
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actneſs; muſt either follow the Indirect Way 
of Kepler, ſeeking the Correſpondent Mean and 
Coequate Anomalies from the Anomaly of the 
Eccentric, in the way ſhew'd above; or at leaſt 
muſt bring into practice that direct Method 
which we have given in the foregoing Lecture. 
But he that will content himſelf with A pproxi- 
mations, and ſo make uſe of the Tables already 
compos'd, he muſt go with us to the Caroline Ta- 
bles, which are built upon the Approximation 
of Bullialdus; for theſe we ſhall in what follows 
endeavour to illuſtrate, and to ſhew the Way of 
uſing them. | 


Lemma (7.) To find the Geocentric Place of 
any Primary Planet, as to Longitude and Lati- 
tude, and the True Diſtance of the ſame from 
the Earth, for any Given Time. 

Let there be found, by what has yg, Greg. p. 
been ſhew'd above, the Heliocentric 244, 245. 


Place of the Earth in its own Orbit, 


or in the Ecliptic for that Given Time ; and by 
the help of Street's Tables let the Heliocentric 
Place of the Planet propos d be alſo found; (the 
way of finding which we will ſhew by and by ;) 
the reſpective Diſtances of both from the Sun 
being alſo added. Theſe things being thus pre- 


ſuppos'd, let S repreſent the Sun, T the Place 


of the Earth in its Orbit, L the Place of the 
Planet in its own Orbit. Let the Right Line 
SN be the common Interſection of the Planes of 
theſe Orbits, determining the Line of the Nodes; 
which Line paſſeth through the Sun (foraſmuch 
as the Sun is in the common Interſection of theſe 
Planes); the Poſition of the ſaid Line being 

Y $* given 
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given out of the Aſtronomical Tables. Further- 
more, from the Place of the Earth given T, there 
is given the Right Line ST in length; the Di- 

- Nance; to wit, of the Earth from the Sun; and 
there is given alſo the Angle TSN in the Plane 
of the Ecliptic; the Difference of the Place 
of the Earth and of the Line of the Nodes in the 
Ecliptic. And from the Place of the Planet given, 
to wit L, there is given the Line SL in length; 
i. e. the Diſtance of the Planet from the Sun; 
and there is given the Angle LSN in the Plane 
of the Planet's Orbit, the Difference, i. e. of the 
Place of the Planet and of the Line of the Nodes. 
Let two Planes of Circles of Latitude perpendi- 
cular to the Plane of the Ecliptic be ſuppos d to 
paſs through L and S, and — L and 
N | -" oh 
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the common Interſection whereof is a Right 
Line, according to the Elements, and alſo Per- 
pendicular to the Plane of the Ecliptic. Let 
there be drawn in the Plane of the Planet's Orbit 
a Right Line LN perpendicular to SN, the Line 
of the Nodes; EN being join'd in the Plane of 
the Ecliptic, will be alſo Perpendicular to the 
ſame SN. Ia the Triangle SLN, which is de- 
ſcrib'd in the Plane of the Planet's Orbit, and is 
Rectangular at N, there is given the Side SL, the 


Diſtance of the Planet from the Sun; and the 


Angle NSL the Diſtance of the Planet from the 
Line of the Nodes; or the Difference of the 
place of the Planet, and of the Line of the Nodes. 
From whence, by the known Rule of Plane Tri- 
gonometry, there will be given the Side LN. 
Moreover, in the Triangle LEN; which mea- 
ſures the Inclination of the Plane of the Planet's 
Orbit to the Plane of the Ecliptic, and is Re&- 
angular at E, there is given the Side LN, which 
was juſt now found; and LS the Diſtance of the 
Planet from the Sun; and therefore by Trigono- 
metry there is given the Side SE, which is called 
the Curt Diſtance from the Sun. Moreover, in 
the Triangle ESN, in the Plane of the Ecliptic, 
beſides the Right Angle at N, there are given 
alſo SE and EN, the Sides juſt now found; there- 
fore there will be given by Trigonometry the 
Angle ESN, the Heliocentric Longitude of the 
Planet in the Ecliptic, computed from the Node 
N. But the Place of the Node in the Ecliptic is 
determin'd in the Tables; wherefore by adding 
that Angle, the Heliocentric Place of the Pla- 


net in the Ecliptic will be known. Again, in 


the Triangle ISE (for the finding out of which, 
what has hitherto been ſaid was premis d) —_— 
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Plane of the Ecliptic, there was given from the 


— p 


beginning the Line ST, to wit, the Diſtance of 
the Earth from the Sun; and the Line SE juſt 
now found; there is given alſo the Enclos'd An- 
gle TSE; (which is equal to the Sum or Diffe- 
rence of the Given Angles TSN, ESN, foraf.- 
much as the three Right Lines ST, SE, SN, are 
all of them in the Plane of the Ecliptic;) which 
Angle is called by Aſtronomers the Angle of 
Commutation ( tho” it is not. this Angle, but 
the Complement thereof, which is thus nam'd 
by Street :) Which Things being given, there are 
the reſt of the Angles given alſo , and the re- 
maining Sides: i e. there is given the Angle 
TES, which is called the Parallax of the Ocb; 
becauſe it ariſeth from the Semi- diameter of the 
Orbe Magnus ; and the Angle STE, called the 
Planet's Elongation from the Sun; that is, there 
is given the Poſition of the Right Line TE, or 
the Planer's Geocentric Place in the Ecliptic; 
and TE the length of the (ame Line. Laſtly, in 
the Triangle TLE, Rectangular at E, there are 
given the Sides TE and EL, which were even 
now found; There will become known therefore 
by Trigonometry TL, the true Diſtance of the 
Planet from the Earth; and the Angle LITE 
the Geocentric Latitude of the Planet. Q. E. I. 


Scholium (1.) For the finding out the Angles 
called the Parallax of he Orb, and the Elongation 
of the Planet from the Sun , this Rule of plain 
Trigonometry is to be applied. As is the Sum 
of the given Diſtances of the Earth and the Pla- 
net:from the Sun, to the Difference of the ſame; 
ſo is the Tangent of the Half Sum of thoſe An- 
gles, to the Tangent of the „ 

i | | ngle 
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Angle, which is the Half. difference of the for- 
mer Angles, being ſuperadded to the Half- Sum 
of thoſe Angles, gives the greater of the Angles 
ſought for; and being taken away from the ſame 
Half- Sum, gives the leſſer. And that greater An- 
ele makes, in the Superior Planets, che Planet's 
Elongation from the Sun; and the Leſſer makes 
the Parallax of the Orb. As, on the contrary, 
in the Inferior Planets, the greater Angle ewe 
the Parallax of the Orb, and the leſſer the Pla- 
net's Elongation from the Sun. Which is a thing 
carefully to be obſerv d. 215 50 | 


Scbolium (2.) If the Angle of Commutation, 
by Street fo called, be leſs than 6 Signs or x86 
Degrees ; the Parallax of the Orb, is to be added 
to the Heliocentrical Longitude of the Superior 
Planets ;- but in the Inferior, the Planet's Elen- 
gation from the Sun is to be added to the Sun's 
Longitude in the Ecliptic ; that the true Geocen- 
trical Longitude of the Planet may be had, as 
reckon'd from the firſt Star of Aries. But if the 
Angle of Commutation be greater than ſix Signs, 
then the Parallax of the Orb is in the Superior 
Planets to be ſubſtracted from the Heliocentric 
Eongitude, but in the Inferior the Planet's Elon. 
gation from the Sun is to be ſubſtracted from the 
Sun's Longirude in the Ecliptic, that the ſame 

1 Longitude of the Planet may 
ad. 


Scholium (3.) That we may hence obtain the 

Planet's Geocentric Latitude, this following Ana- 
ogy will ſuffice: As the Sine of the Angle of 
Commutation, is to the Sine of the Angle of E- 


longation ; ſo is the Tangent of Inclination, or 
7 Helio- 
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Heliocentric Latitude; to the Tangent of the 

Geocentric Latitude. For in the laſt Scheme, LE 

is both the Tangent of the Angle ESL, and of 

the Angle ETL; but with reſpect to. two divers 
Radius s, in the former Caſe with reſpect to the 

Radius SE, and in the latter Caſe to the Radius 
ITE. But according to the Primary Propoſition 
in Plane Trigonometry, in the Triangle STE, 
the Side TE is to the Side SE, as the Sine of the 
Angle of Commutation TSE is to the Sine of the 
Angle of Elongation, STE. Therefore the Radi- 
us's are betwixt themſelves as theſe Sines are; and 
if the Radius's be reduced to an Equality, or be 
made Tangents to one and the ſame Radius, it 
will be thus: As the Sine of the Angle of Com- 
mutation, is to the Sine of the Angle of Elonga- 
tion; ſo is the Tangent of the Angle ESL, to 
the Tangent of the Angle ETL. Q. E. D. 
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LECT. XXX. 


Efore we take in hand the Calculation it ſelf, 

beſides the Lemmata before laid down, as 
comprizing in them the Foundation of the Cal- 
culations ; ſome other things offer themſelves to 
be either newly Obſer vd or repeated, and brought 
again into mind for the more eaſy Solution of 
the propoſed Problem. As, e 


(I.) That we in this Place paſs over the Cal- 
culation of the Places of the Sun and Moon, 
with the Eclipſes of the ſame. For we have 
diſpatch'd this Part of Aſtronomy out of other 
Tables, I mean thoſe of Mr. Flamſteed, which 
are much more accurate. It were greatly 
to be wiſh'd that that Author had given us Ta- 
bles fitted to Saturn, Fupiter, and the reſt of the 
Planets, that we might have had his Help here 
as well as in the Solar and Lunar Computations. 
But ſeeing we are deſtitute of that his Aid in the 
preſent Buſineſs, we muſt be content with the 
Caroline Tables, which, as that Famous Aſtrono- 
mer himſelf acknowledges, are the beſt of any 
yet extant; being in the mean while ready to 
leave them for better when better may be had : 
For which Reaſon, as was before ſaid; we ſhall 
not at preſent meddle with the Calculations of 
the Places:of the Sun or Moon. 


(2.) That Mr. Street makes the Aphelia and 
Nodes of the Planets to reſt, with reſpe& to the 
Fixed Stars, as we have noted above. concerning 
bim more than once. By which means * ha 
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 clear'd our Aſtronomy of a very perplex'd Mat. 


ter, which before intermingled it ſelf with our 
Calculations ; which in it ſelf, and without that 
is perplex'd enough. It would not indeed quit 
the Coſt to purchaſe any of this Eaſe in compu. 
ting; at the Expence of Truth; but he hath ſhewd 
that the Motions which were attributed to theſe 
Points, and which were ſuppos'd to be divers in 
reſpect of Velocity and Direction in divers Pla. 
nets, depend upon very doubtful and uncertain 
Obſervations ; yea, which is more, that the Cal- 


culation of the Places of the Planets ſucceeds 
better where thoſe Points are ſuppos'd to be un- 


mov'd, than on the contrary ; and this he proves 


by very many and clear Examples brought for 
this purpoſe. 112 TS 


(3.) That the true Equation of Time is not to 


be fetch'd from the Caroline, but from Mr. Flan. 


fead's Tables. The true Equation of Time, 3 
we before ſhew'd, ariſeth from a double Cauſe, 
the Sun's Eccentricity, and the Obliquity of the 
Ecliptic. And this Equation is what Prolomy him- 
ſelf made uſe of, albeit Vendeline and ſome others 
took it away wholly, aſſerting that the mean Time 
differs not from the apparent or true. 


Greg. 1. 230+ Kepler ſuſpected alſo a third Cauſe or 


Reaſon of Equation of Time, over 
and above thoſe already mentioned, which con- 
fiſts in this, That the Diurnal Motion of the 
Earth is not altogether even, but is increas'd of 
remitted according to the greater or leſſer Di- 
ſtance of the Earth from the Sun. Yea, Hobo 
alſo had ſome Suſpicion of this Unevennels 
in the Diurnal Motion ; and from hence he 
would have one Part of the Equation , that 

which 
4 


* . 


, 
J 
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which ariſeth from the Sun's Anomaly, to be 
compenſated; and ſo made uſe of the other only, 
that which proceeds from the Obliquitv of the 
Ecliptic. But Mr. Street ſuppoſeth this Uneven- 
neſs of the firſt Motion to be ſuch, that it ſuffi- 
ceth to make that Part which was neglected by 
Tycho to be regarded, and us d under a con- 
trary Title, or ſo that this is to be ſubſtracted, 
when the other ought to be added, and this is to 
be added when the other ought to be ſubſtracted; 
like as he hath ſet it down in his Caroline Aſtro- 
nomy. It is indeed to be wonder'd at that ſo 
excellent an Author could fall into ſo great a 
miſtake : But Mr. Flamſteed hath put an End to 
thoſe Errors; nor are any of thei Aſtronomers 
at this day guilty of them. Nor will Mr. 
Street's Error therein hinder us from the Uſe of 
his Tables, ſince we may ſafely join Mr. Ham- 
ſteads Tables of Equating Time with the Caro- 
line Tables of the Planets, and thereby make our 
Calculations. Note, | 


(4.) That the Epochz or Roots of the Moti- 
ons cf the Planets belonging to the beginning of 
every Year, do anſwer to the Middle Point or 
Moment of the Noon or Mid-day, of the laſt 
Vulgar day of the Year foregoing. For from 
thence it is that Aſtronomers begin their Year; 
which is true alſo of Months and Days: And 
not from Mid-night, as the Civil Year is begun. 
ſo that the twelve Hours before Noon belong to 
the ſame Day in both Accounts, they being only 
diverſe in the Numbering ; when in- the mean 
while the twelve Vulgar Hours after Noon be- 
long in the Aſtronomical Account to one Day, 
and in the Civil Account to another, and are 

not- 
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notwithſtanding numbered in the ſame manner. 
So, for Example's fake, the third Hour after Mid- 
night of the 12th Day of March, in the Vulgar 
Account, belongs alſo the 12th Day in the Aſtro- 
nomical Account ; but that 3d Hour, in the Vul. 
gar Reckoning, is the 15th Aſtronomical Hour 
of that Day; while the 3d Hour after Noon of 
March the 12th in the Vulgar Account, is the zd 
Hour of the 13th Day in Aſtronomical Compu- 
tation. And ſo of the reſt. Which thing is to be 
carefully heeded in all Aftronomic Calculation, 
otherwiſe we ſhall ſtrangely confound our ſelves, 


(5.) That the Numbers in the Aſtronomical 
Tables'do every-where agree to the Mean Time; 
Wherefore when the Apparent is the Time given, 
it is by Equation to be reduced to the Mean, be- 
fore we ſeek the Numbers agreeing to it in the 
Table : as on the contrary, and by a way oppo- 
ſite to the former, the Mean Time in the Ta- 
bles, is upon occaſion to be reduced to the Ap- 
parent. Note, 


(6.) That theſe Caroline Tables do with very 
good Reaſon not reckon the Places of the Pla- 
nets from the Point of the Equinox, which is 
Moveable, but from the firſt Star of Aries, which 
is Immoveable : So that, if to the Place of the 
Planet found in the Tables, you add the Præ- 
ceflion of the Equinox, which you meet with in 
the ſame Tables, you will have the Planet's True 
Place in the Ecliptic ; for the Preceflion of the 
Equinox in theſe Tables, is the Diſtance betwixt 
the Vernal Equinox, and the firſt Star of Aries, 
reckon'd according to the Longitude upon the 


Ecliptic. 
9 (7.) And 
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(7. And laſtly, That theſe Tables are ſuited 
to the Meridian of London ; and conſequently, 
that in all other Places, excepting thoſe which 
lie in the ſame Meridian with London, the Diffe- 
rence of Meridians, whether to the Eaſt or Weſt, 
is to be conſidered and computed ; that we may 
be able to determine the True Place of the Pla- 
net in the Heavens, for the Given Place of the 
Farth, at the Given Moment of Time. All which 


Things being rightly weigh'd, we now come to 


the Calculation it ſelf; always remembering in 
the Biſſextile Year, after February, to add one Day, 
and the Motion of one Day, as hath, together 
with other things here mention'd, been noted 
before. 

A. D. 1593. January the 8th, pb. 1. (called 15* 
by Mr. Street's falſe Equation) after Noon, in the 
Meridian of London; Tycho obſerv'd the Sydereal 
Longitude of Saturn, reckon'd from the firſt Star 
of Aries, to be 2*. 25. 38“; and his Northerly 
Latitude to be 100. I would know what was the 
Place of Saturn at that time, according to the 
Caroline Tables, that it may be ſeen whether the 
Calculation agrees with the Obſervation. 

The Given Longitude of the Sun, according 
to theſe Tables, was 9*. 1“. 26“. 8”. And the 
Earth's Diſtance from the Sun, in ſuch Parts as 
the Mean Diſtance contains 100 000, amounted 
to 98402, the Logarithm whereof is 4. 99301. 


Ve go to work therefore thus. 


A. D. 1581 | 1'.\27%.53. of 


I2 | 4. 26. 39. 11 
Fan. 8 | =-—— 16. 4 
Hour g | ——— 47 


The 


Z. 
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7 0 , i? 


TI he Mean Anomaly of Saturn. 6. 24. 49. 1 3 
To which anſwers Saturn's He- 


_ Hocentrical Longitnde 5 ＋ $5, 11. 44 
Take that away from the Sun's? _ 
Longitude, which is de. . 8 $ 


And there remains the Angle 
of Commutation Aab 
| The Complement whereof unto 6 
the Circle is ei 49: 3 


The half of which is in Degrees. O. 87. 24. 48 
The Parallax of the Orb, to be / ; 
o. o 37. 49 


e. A 10. 24 


ſubſtracted from the Helio- 
. centric Longitude. 


And there remains the — N 
tric Longitude. * 21. 37> N 


oy | 3 | 


2 ů 


i. 


To which Mean Anomaly there alſo anſwers 
Saturn's Curt-diſtance from the Sun, of 904750 
Parts; the Logar. whereof is 5.95653 ; and Sa- 
turn's Heliocenttie Latitude 9' 51”. Now to find 
out the Elongation of Saturn from the Sun, and 
the Parallax of the Annual Orb, uſe this Ana- 
logy ; As the Sum of the Diſtances of the Earth 
and Saturn from the Sun 1003152, is to their Dif- 
ference 806348; ſo is the Tangent of the Half- 
Sum of the Complement of the Angle of Com- 
mutation (which Angle is the Sum, of the Angles 
ſought, as being the Complement of an Angle 
at the Sun on both Sides to two Right Ones) to 
the Tangent of -the Difference of the ſame. In 
Practice thus, when you work by Logarithms in 

| Street's 
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Street's Method, which diſtinguiſheth the Com- 
mon Rule into two Parts; 


As the Logar. of the Earth's Diſt..— 4.9930r 


To Log. of Saturn's Diſtance —— 5.95653 
So is Radius — — 70,00000 


To Log. of 835. 47". 34”. = — 1096352 


Then there being caſt away 45 Deg. 
there remain 38". 47. 34”. 


Therefore, as is the Radius 
or Tang. of 45% —— 
To Tang. of 38". 47". 34". — 9,90515 


So is the Tang. of the 
half * drr,z4509 = = 875 24.48” 


To the Tang:. of the A 
Halt. —ꝗ — — $11,25024 865. 46.590 


The Sum of which Angles 1749. 11. 47”, is the 
Planet's Elongation; and the Difference 


o. 37. 49”, is the Parallax of the Orb. 


7 IO, 00000 


From whence we have obtain'd Saturn's Elon- 
gation reckon'd in the Ecliptic: which is in the 
26 Degree of the 3d Sign, and the 38' and 56” 
of that Degree; to wit, if we reckon the Lon- 
gitude from the firſt Star of Aries. And if we add 
the Preceſſion of the Equinox out of the Table 
for that purpoſe, we ſhall have Saturn's true Lon- 
gitude in the Ecliptic from the Vernal Faninos, 


thus; 
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The Geocentric Longitude of ). 4. 
Saturn from the firſt Star of 2. 25. 37. 
f Je 37. FF 
Aries : 5 | OO 
The Preceſſion of the aui 
nox A. D. 1593. * . s 
The Sum of both, or the 1 | 
Longitude of Saturn. * 13. OF- JI 


So that Saturn's Geocentric Longitude was in 

the 24th of Cancer, and in the 8th firſt Minute, and 
the beginning of the 32d Second of that Degree, 
at the Given Time and Place. 
As for the Latitude of Saturn from the Ecliptic 
at that time, it is found by this Analogy. As is 
the Sine of the Angle of Commutation 55 10“ 24", 
to the Sine of the Angle of Elongation, 5. 480.137“, 
(for the Sine of an Angle and that of its Comple- 
ment to two Right Angles are the ſame); ſo is 
the Tangent of the Geocentrical Northerly In- 
clination in the Table o“. 9. 51 to the Tangent 
of the Geocentrical Northerly Latitude 11,3“. 
And by Logarithms thus; 


As — 8. 95506 = Sin. of Ang. 5*. 10“. 24” 
To—9. 00483 = Sin. of Ang. 5. 48. 13 
So — 7.45716 = Tang.of Ang. o. 9. Fr 
To — 7. 50693 Tang. of Ang. o. 11. 3 


So that upon the whole, the Longitude found 
by the Tables differs only by 5 Seconds from that 
which was obſerv'd by Tycho. And the Latitude 
found by the Tables differs only about One firſt 
Minute from the Obſervation. Which Difference 
is ſo ſmall, that it ought not to be regarded. 


Ant 


/ 
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Another Example in Venus. 


A. D. 1639. Novemb. 23d, in the Vulgar, but 
the 24th in Aſtronomical Account, before the 
Sun's Setting, Mr. Horrox obſerv'd Venus in the 
Sun ; and from his Obſervations it appears, that 
it was 19 Minutes after 3 a Clock (the Time e- 
quated according to Street's Method) when that 
Star was ſeen wholly immers'd in the Diſcus of 
the Sun, .and 'the Sydereal Geocentrical Longi- 
tude of Venus was at that time 7. 149. 26, 30“. 
And the Geocentrical Southerly Larit. 100. 27”. 
The Place of Venus at that time, according to the 
Caroline Tables, is required. The Longitude of the 
Sun at that time, according to thoſe Tables, was 
7.14% 15 26” from the firſt Star of Aries; And 
the Diſtance of the Earth from the Sun, in ſuch 
Parts as the Mean Diſtance contains 100000, 
conſiſted of Parts 98414, the Logarithm where- 
of is 4.993056. The Operation whereof ſtands 
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s 0 , Ta * 

A. D. 1621 | 7. 21. 42. 10 
| 3+. . 2+ 26-52 

Novemb, | 4. 7. 2. 50 
Days 24 | 1. 8. 27. 4 
Hours nana 
1 12e. . 19 


The Man, Anomaly of Venus, — 4. 9.149. 13 
To which Anſwers the Helio- )? 
= 14. 11. 22 


e Longitude of the 
ſame⸗ 


The T Eaton of the Sun, to be 
7. 14. IF. LE 


r * en. 


taken therefrom (2 Circle be- 
ing added) r 


There remains the Angle of 


Commutation =- 474 Me g e 
{The Half whereof o. 89. 57. 58 


The Elongation, to be added wo] | | 
the Heliocentrical Lopgitude- 5 9. 11. 5 


The Geocentric Longit. of Venus. -V. 14. 26. 31 
The Preceſſion of the Equinox — o. 28. 7- 4 


Longitude of Venas from the Ver- 
£ nal Equinox bg. 12. 33+ 35 


| 


To the ſame Mean Anomaly there anſwers alſo 
in the Table the Curt-diſtance of Venus from the 
Sun of Parts 72005, the Logarithm whereof is 
4.85736. There anſwers alſo to the ſame Ano- 
maly'the Heliocentric Latitude of Venus 3.51. 
Now to find the Parallax of the Annual Orbit, 
and the Elongation of Venus from the Sun, uſe 


this Analogy ; As the Sum of the Diſtances of 
Venus 
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Venus and the Earth from the Sun, is to the Dif- 
ference of the fame ; ſo is the Tangent of the 
Half-Sum of the Angles, equal to the Angle of 
Commutation, to a 4th Number, or the Tangent 
of the Half-difference of the ſame: That is, in 
Logarichms, by Street's Method, as before; 


$ the Logarithms of the Diſt. 
$ of Venus from the Sun 5 4.85736 


To Log. of the Diſt. of — 3 
from the Sun — —— 5 479930 


So is the Radius —— — — 10.00000 
To Log. of 537. 48' 33. = — 10.13570 
Then 45 Degrees being caſt away, 


tt 


there remain 8*. 48". 29", = —: 
Therefore, 
As Radius,or the Tang. of 45 = 10.00000 
To the Tang. of 8“. 48. 33%. = 9.19025 
So is the Tang. of the Half-? » 
Sum, that is, 89*. 5. F8'— 3 13.22829 
To the Tang. of the Half. — 
difference, i. e. 89“. 46530 5 12.41854 | 


The Difference of which Angles is the Elonga- 
tion of Venus from the Sun = of. x1". 5”. And the 
Sum of the ſame = 1799. 44. 51”, is the Parallax 
of the Orbit. | 

For che finding the Latitude of Venus, the Ana- 
logy runs thus; As the Sine of the Angle ef 
Commutation, or the Complement of the ſame, 
is to the Sine of Elongation; fo is the Tangent 
of the Heliocentric Latitude, to the Tangent of 
the Geocentric Latitude. "TOE 
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As Sine oe. 4. 4. 2 7. 0729 
To Sine o. 11. 5 == 7. 5084 
So 15 Tang. o. 3. 51 2 7. 0491 
To Tang. o. 10. 30 2 7. 4846 


From whence it appears, that the Place of Venus, 
obſerv d by Horror, both as to Longitude and La- 
titude, differs very little from the ſame, as found 
by the Caroline Tables; no more indeed that a 
few Seconds. And thus much for finding the 
Places of the Planets by Calculation. 


Novemb. 22. I703. 


Or Inn 


| ein © + 4 


H' Piat now Explained the Theory of the 
Planets, and brought our Aſtronomical 
Task to a Concluſion, we ſhould forthwith pro- 
ceed to the Famous Sir Jaac Newton's Philoſophy; 
but that we are happily detain'd in the preſent 
Place for a while by that Celebrated Theory of 
the Moon, which that Prince of Geometricians 
and Aſtronomers hath very lately compos'd, out 
8 of Mr. Flamſteed's Obſervations, and 
Greg. p. 232. Dr. Gregory hath communicated to the 
| Public: It being well worthy to be 
entertain'd and embrac'd by all Aſtronomers with 
the greateſt Joy. For it is ſuch a Theory, as 
when we ſpake of Horrexs Hypotheſis we in vain 
wiſh'd for; while we expected it from none but 
him from whom we now have it. And indeed 
it is a Theory which the Author hath found ſo 
agreeing with the Heavens, that the Diſagree- 
ment therefrom, in the Conjunctions 9 the 
3 1 ; un; 
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Sun; and this, when greateſt, ſcarce ariſeth to 
more than two, and in the Quadratures ſcarcel 

to three Minutes; and for the moſt Part it is ſo 
ſmall, that it ſeems as if it ought rather to be im- 
puted to the Uncertainty of Obſervation than any 
thing elſe. I ſhall therefore here preſent you 
with this Theory, as I have endeavour'd to illu- 
ſtrate it with a perpetual Explication of the Au- 
thor's Text. b * 554 


Sir I8Aac NEWTON's Theory of the Moon. 


© HE Greenwich Obſervatory is more We#ft 
wr than that of Paris by 2®. 19. Than Urani- 
e burg 12%. 5 . 300. and than that of Dantzick 
© by A .. 196! £ 
I ſuppoſe the following mean Motions of the 
* Sun and Moon from the Vernal Equinox in 
* the Greenwich, Meridian; In the Year 1680, 
* the laſt of December in the Fulian Style, at 
“Noon, the Mean Motion of the Sun was 
* gs. 20%. 34. 46”. the Motion of the Apogeum 
“ of the Sun 3s. 7. 23". 30". the Mean Motion 
* of the Moon 63. 1. 45". 45. That of the A- 
* pogeum of the Moon 8s. 4. 28. 5. That of 
* the Aſcending Node of the Lunar Orbit 55. 245 
* 14.35% And in the Year 1700, the laſt of 
« December Old. Stile, at Noon, the Mean Motion 
of the Sun was 98, 209. 43. 00. And that of 
the Apogee of the Sun 35. 7% 44, 304%. The 
* Mean Motion of the Moon 10. 15. 19“, go" 
that of the Apogee of the Moon 11“. 87. 
„ 18“ 20%, and that of the Aſcending Node 4. 
* 27%. 24. 20. For in 20 Julian Tears, or 
*.7305- Days, the Motion of the Sun is, 
20e of, od. 9. 4. the Motion of the Apo- 


c 
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« gee of the Sun 21. oo”. The Motion of the 
Moon. 265˙ and 4%. 13*. 34. 3. that of the 
Apogee of the Moon 2 and 3d. 3e. 50, 15”, 
© The Motion of the Node. 1% and o-. 264. 50. 
b. 15. All che foreſaid Motions are from the 
* Point of the Vernal Equinox. But if there 
© be ſubſtracted from theſe the Motion of the 
©© Equinodtial Point it ſelf in antecedentia, which 
* is perform'd in the mean while, to wit, 16.40", 
* there will remain theſe Motions in reſpe& of 
** the Fixed Stars in 20 Julian Years ; to wit, the 
cc . | e 5 o . 71 
Motion of the Sun 197 11. 29“. 52". 24. Of 
*© the Apogee of the Sun 4. 20”. The Motion of 
©* the Moon 2677 . 4". 13%. 17.25”. that of the 
Apogee of the Moon, 2 37. 30. 33. 35". that 
* of the Node of the Moon, 1“ of. 27%. 6, 55", 
* According to this Computation, the Tropical 
© Year conſiſts of 365“. 5*. 48. 57". and the 4 
© dereal Year of 365. 6. 9. 143. Thus far 
Sir Iſaac Newton. All which is eafy ehough to 
to be underftood, if theſe following Things be 


(i.) That we have here two Epocha's or Roots 
of the Mean Motions of the Sun and Moon. 
Whereof one is to be applied to A. D. 1680. the 
other to the Vear 1700, but both to the End of 
the Year, and the Mean or Middle Time. 
(2.) That here we have 4 Table of the com- 
pleat Mean Motions of Twenty Years moſt accu- 
rately compos'd; from whence a Table of Roots, 
and another of compleat Years may be without 
difficulty fram'd for any Number of Years, 
Months, Days, &c. whether paſt or to come. 
(3) That here a Motion of the Sun's Apo- 
gee is ſuppos d. Which is to be wonder d — 
829 When 
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when * this Author himſelf elſewhere hath ta- 
ken all Motion from the Aphelia, as well as 
from the Nodes of the primary Planets ; fave 
ſome very ſmall Mutations not to be regarded ; 
yea, and hath ſuperſtracted the Immobility of 
the Fixed Stars upon the Immobility of the ſame; 
And when Mr. Flamſteed himſelf, to whoſe Ob- 
ſervations and Hypotheſes our Author hath'in 
ſome ſort tied himſelf in the (preſent Theory, 
doth with Street ſuppoſe and aſſert the abſolute 
Reſt of the Earth's Aphelion. It is therefore to be 
wonder'd at, that after that this Motion had been 
exploded out of Aſtronomy, to the great Satiſ- 
faction of the Learned, theſe Great Men ſhould 
think that it ought to be brought in again. But 
be this as it will, the Motion here ſuppos'd is ſo 
ſmall, that it fearce makes one Degree in 300 
Years ſpace ; and conſequently that for man 
Ages on this fide and on that, it matters not much 
—— we ſuppoſe the Aphelion to be mov d 
or to be unmoveabe. N 
(q.) That all the reſt of the Motions, beſides 
that of the Nodes, is in Conſequemtia, or from Weſt 
to Eaſt ; but that of the Nodes the other way, or 
from Eaſt to Weſt. When therefore the Author 
bids that we ſubſtract from the former Motions, 
the Motion of the Equinoctial Point in Antece- 
dentia, that the ſaid Motions, conſider d in reſpect 
of the Fixed Stars, may be found: this Subſtracti- 
on belongs only to the reſt of the Motions, and 
not to that of the Nodes; fot this is not to be 
ſubſtracted, but added, as the Author's Numbers. 
themfelves do fhew. But he goes on. 
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The Mean Motions of the Luminaries above 
© ſuppos d, are affected with many Inequalities: 
© And firſt, there are the Annual Equations of 
the ſaid Mean Motions of the Sun and Moon, 
* and of the Apogee and Nodes of the Moon: 
ce The Annual Equation of the Mean Motion 
* of the Sun depends upon the Eccentricity of 
ce the Orbit of the Earth about the Sun, which 
© conſiſts of 1653 ſuch Parts as the Mean Di- 
«© dance of the Sun from the Earth contains 
* 1000; and from thence it is called the Equa- 
& tion of the Center; and it is when greateſt 
« 14, 566. 20. The greateſt Annual Equation of 
te the Mean Motion of the Moon is 11“, 49". 
* that of the Apogee of the ſame 20'. and that 
© of the Node 9“. 300. And theſe four Annual 
Equations are always proportional amongſt 
e themſelves ; and therefore when any of them 
<« is the greateſt, the reſt are alſo each of them 
* che, greateſt ; and any one of them being di- 
© miniſh'd, the reſt are diminiſh'd_ in the ſame 
* proportion. From whence the Annual Equa- 
«& tion of the Center of the Sun being given, 
© there. are alſo given the Three other Equati- 
ons. And therefore a Table of that mention'd 
« Equation ſufficeth for all. For if the Annual 
* Equation of the Center of the Sun agreeing 
to any Time, which is taken from the Table, 
ce pe called P; and x; P be put = Q. and Q? 
*©Q=R. and ;P=D. DEAN D=E. and 
D- D=2F. ,, The Annual Equation of 
© the. Moon agreeing to the ſame, Time, will be 
© R; the Equation of the Moon's Apogeum E, 
© and of the Node F. It is to be noted, that if 
*_the-Equation ofthe Center of the Sun is to be 
* added, the foreſaid Equation of the Moon is 


A. 


* 
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© to be ſubſtracted; the Equation of the Moon's 
* Apogeum is to be added; but the Equation of 
© the Node ſubſtracted. And on the other hand, 
© If the Equation of the Center of the Sun is to 
© be ſubſtracted, the Equation of the Moon is 
ce to be ſubſtracted; Thar of the Apogeum to be 
e fſubſtracted; but that of the Node to be added.” 
Thus far Sir Iſaac Newton. ; 
Our Famous Author in this Place treats of four 
Kinds of Equations, depending on the Anomaly 
of the Sun or Earth. The firſt is that moſt known 
one, whereby we gather the Earth's Coequate 
out of the Mean Anomaly; which indeed muſt 
be proportionale to the Eccentricity of the Earth's 
Orbit; and this Eccentricity he defines to conſiſt 
of 164 ſuch Parts, as the Mean Diſtance of the 


Sun from the Earth contains 1000 of them. And 


this he determines from Mr. Flamfeed's Obſerva- 
tions. For A. D. 1692, Mr. Flamſteed obſerv'd, 
as he ſometime wrote to me, that the Eccentri- 
city of the Earth's Orbit conſiſts of 1692 ſuch 
Parts as the Mean Diſtasce of the Sun contains 
100000; which is plainly the ſame Proportion 
as that here ſer down, as any one that tries will 
find. And from this Eccentricity our Author ga- 
thers, that the greateſt Quantity of Equation, 
(which is to be applied about the Middle of the 
Ellipſis) is 14. 66“. 20”, which Equation is much 
leſs than the Caroline. The Second Equation is 
that of the Middle Motion of the Moon, which 
ought to be mended and corrected according to 
the various Diſtance of the Sun from the Syſtem 
of the Earth and Moon. For the Middle Motion 
of the Moon, which was formerly determin'd, is 
only a Mean Motion in a mors lax Senſe; to 
wit, as agreeing to this Planet, conſider'd * 
lid the 
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the Space of many Vears together. For as we 
noted heretofore, The Moon's Periodical Motion 
is the ſhorter when the Earth is in the Aphelion, 
and the Sun is the moſt Remote; but as the 
Earth departs from thence, and approaches to 
the Sun, the Periodical Time is increas'd; until 
the Earth being now arriv'd to the Perihelion, it 
becomes the greateſt of all. Therefore the Mid- 
dle Place of the Moon before defin'd, is to be 
corrected by the Addition or Subſtraction of 2 
certain Arch or Angle which depends upon the 
Earth's Mean Anomaly, or rather upon the Sun's 
Diſtance, in great Meaſure proportionale to the 
fame: And this Equation, when it is the greateſt, 
our Author determines to be but 11. 49” about the 
Mean Diſtance of the Sun. The Third Equati- 
on is of the Apogee of the Lunar Orbit ; the 
Motion of which, ſeeing it altogether depends 
upon the Sun, as we have noted before; It is no 
wonder that the ſame is leſſer according to the 
greater Diſtance of the Sun, and greater accord- 
ing to the leſs Diſtance of the ſame. And this 
Equation, when it is the greateſt, he defines to 
be of 20“ only. The Fourth Equation is of the 
Node of the Lunar Orbit; and ſeeing the Re- 
greſs or Motion thereof in Antecedentia, doth like- 
wiſe ariſe from the Sun, as will be demonſtrated 
in its Place, it is reaſonable that we expect to find 
the fame leſſer in the greater Diſtance, and greater 
in the leſs Diſtance of the Sun; and the Quan- 
tity thereof is here determin'd to be 9“. 30". 
All theſe Equations therefore are to be eſtimated 
according to the greater or leſſer Diſtance of the 
Sun, or according to the Sun's Anomaly, and 
they are proportional one to another, or have 
always the ſame proportion betwixt GENES 
8444 whic 
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which the Numbers have that are ſet down above, 
as expreſſing the Quantity of every one; to 
wit, as being amongſt themſelves in proportion, 
a5 6980": 709” :: 1200” : 570”: or in our Author's 
Phraſe ; If the Equation of the Center be called 
P, the Equation of the Middle Motion of the 


Moon will be every- where — P; the Equation 


of the Apogeum of the Moon 31 p; and 
r 180 
the Equation of the Node 2 P. So that 


by a Table of the Equation of the Center, all 
theſe Equations may every-where be found ; and 
there needs not a particular Table for every one. 


But foraſmuch as when the Sun is moſt remote, 


both the Motion of the Earth, and thoſe of the 
Lunar Apogee and Node are the ſloweſt ; and 
are each of them the ſwifteſt, when the Sun is 


the neareſt : It is manifeſt that all theſe Equati- 


ons are of the ſame ſort, that is, are at the ſame 


time to be added, and at the ſame time to be ſub- 


ſtrated. Whereas on the contrary, when the 
Sun is moſt remote, the Periodical Middle Mo- 
tion of the Moon is the ſwiſteſt, and the ſloweſt 
of all when the Sun is the neareſt: So that this 
er is of a diverſe Sort or Title from the 
reſt, and is to be added when they are ſubſtracted, 
and fo on the contrary. And this is the plain 
meaning of the Author's Canon. For although 
he aſſerts that the Equation of the Node is to 
ſubſtracted, when the Equation of the Center of 
the Sun is added, and on the contrary ; yet ſee- 
ing he doth intend that that Equation, together 
with the reſt, is to be added according to the Se- 
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ries of the Signs, he means nothing elſe but x 
Subſtraction from the true Direction of the Re- 
greſs of the Nodes, and ſo on the Contrary, 
But he goes forward. 
There is another Equation of the Mean 
* Motion of the Moon, depending upon the 
& Situation of the Lunar Apogee with reſpect to 
ce the Sun; which is greateſt of all when the 
Moon is an Octant with the Sun; and none 
* at all when it comes to the Conjunctions; 
LConjunctions I fay in the Plural, for under 
that Word J here include the Oppoſition allo] 
and Quadratures. This Equation, when it is 
* greateſt, ariſeth to 3. 56”, the Sun being in the 
© Perigee ;. but ip it be in the Apogee, it exceeds 
not 3'. 34”. In other Diſtances of the Sun 
* from the Earth, this Equation is greateſt, as 1s 
* the Cube of that Diſtance reciprocally: But 
* when the Moon's Apogee is without the Oc- 
_ © tants, the ſaid Equation becomes leſſer ; and 
© it is to the greateſt, for the ſame Diſtance of 
the Earth and Sun, as the Sine of the double 
* Diſtance of the Lunar Apogee from the next 
* Conjun&ion or Quadrature, is to the Radius. 
This is added to the Motion of the Moon, 
© whilſt the Apogee of the Moon paſſes from 
* the Square of the Sun to a Conjunction; but 
*© is ſubſtracted from thence in the Tranſit of the 
Apogee from a Conjunction to a Quadrature.” 
In, which Words our Author explains a Second 
Equation of the Middle Motions of the Moon; 
that, to wit, which depends upon the divers Po- 
ſition of the Lunar Apogee. For hitherto we have 
only attempted to equate the Mean Motion of 
the Moon as perform'd in a Circle, or Mean El- 


lipſis: But ſeeing the Ellipſis in which the Moon 
| | 15 


* 


771 


Aftrononical Lectures. 353 


I; tnov'd is very various and inconſtant, and the 


Eccentricity thereof is varied above a 3d Part; 


ſo that when the Apſides of the Moon are in the 


Conjunctions, the Eccentricity of the Orbit is 


increas d; and when they are in the Quadratures 
it is diminiſh'd ; and the Ellipſis comes nearer to 
a Circle; It is requiſite that we ſhould reckon 
the Moon's Periodical Time, as increas'd in the 
former Caſe, becauſe of the increaſe of the Area, 
or at leaſt the Circumference of the Orbit, an 
diminiſh'd in the latter Caſe, becauſe of the Di- 
minution of that Area, or at leaſt the Circum- 
ference of the Orbit: From whence à 2d Equa- 
tion is requir'd, that we may have the Middle 
Motion equated alſo according to the various Po- 
ſition of the Apogee: But that this Equation is 
ſomerimes greater, ſometimes leſſer, according 
to the Reciprocal Proportion of the Cubes of the 
Sun's Diſtance, is what will be demotiſtrated 
when we undertake the Philoſophy of this Fa- 
mous Author; and we ſhall in the mean while 
paſs it over; as not properly belonging to this 
Place, where we treat of Matters purely Aſtro- 
nomical. But as for that Aſſertion, that every 
intermediate Quantity of Equation 1s 4s the Sine 
of the double Diſtance of the Lunar Apogee 
from the next Conjunction or Quad:ature ; this 
is what is perpetual and neceſſary, wherefoever 
any Motion which is to be corrected by Equati- 
on, doth in the entire Revoltition come twice 
unto the greateſt, and twice unto the leaſt Quan- 
tity : and this in ſuch fort, that a Quadrant in 
the Heavens ſhould anſwer to a Semi- circle in 
Calculation; and therefore it is abſolutely neceſ- 
ary that 4 Degree in the Semi- circle ſhould an- 
ſwer to half a Degree in the Quadrant, and ſo 
1 perpe- 
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perpetually. The Reſt of the Things in the pre- 
ſent Section need no further Explication. Sir 
Iſaac Newton proceeds thus. Moreover there is 
* gnother Equation of the Motion of the Moon, 
« which depends upon the Aſpe& of the Nodes 
© of the Lunar Orbit with reſpe& to the Sun; 
* and it is greateſt when the Nodes are in the 
** Oants of the Sun; and vaniſheth away wholly 
**. when they arrive at the Conjunctions or Qua- 
* dratures, This Equation is proportionate to 
% the Sine of the double Diſtance of the Node 
from the next Conjunction or Quadrature; and 
% when it is greateſt amounts to 47”. This is 
* added to the Motion of the Moon, whilſt the 
© Nodes paſs from the Sun's Conjunctions to the 
© Quadratures of the ſame ; and is ſubſtraced in 

* their Tranſit from the Quadratures to the Con- 
5c junctions. 1911 F 
In which Words our Author ſets forth a Third 
Equation of the Mean Motions of the Moon ; 
which -indeed is -very ſmall, but yet not altoge- 
ther to be neglected. It depends upon the 
Poſition of the Nodes of the Lunar Orbit with 
reſpect to the Sun; for hitherto we have endea- 

vour d to equate the Mean Motion of the Moon 

as perform'd in the fame Plane. Burt ſeeing the 

Plane of this Orbit is continually changing, ex- 

cept when the Nodes are poſited in the Con- 
junctions, at which time they wholly reſt ; It 5 
manifeſt that at that time only the Moon pol- 
ſeſſeth the ſame Plane the Month throughout; 
and conſequently deſcribes the leaſt Area in the 

_ Game Plane, and therefore performs her Period: 
in the leaſt time: Whereas at other times a greatet 
Arta is deſcrib'd by reaſon of a great many Planes 
25 it were, which are its way, and that really drawn 

| \ ol 
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out into a Curve Supetficies; and eſj pecially when 


the Nodes are about the Quadratures, for then 


there is the greateſt Variety of Planes, and con- 
ſequently the Periodical Time muſt neceſſarily 
be the greater. When therefore the Nodes are in 
the Conjunctions; the Periodical Motion of the 
Moon is a little ſwifter, and when they are in the 
Quadratures a little lower ; ſo that it is not ts 


be wonder'd at that the Equation in the former 


Caſe is Addititious, in the latter Ablatitious, as 


our Author's Canon requires. But it is to be ob- 


ſerved here and every-where, that as well the 
Nodes as the Apogee of the Moon do ſeem in re- 
ſpe& of the Sun to be mov'd from Ea# to Veſt, 
and that perpetually ; to wit, becauſe of the ap- 
parent Motion of the Sun from Veit to Eaff. 
For although the Apogee be carried to the ſame 
Part with the Sun, and the Nodes to the contrary 
Part, each according to its proper Motion; yet 
theſe Motions, if compared with the Annual Mo- 
tion of the Sun, are ſo ſmall, that in this reſpect 
boch of them ought to be neglected, as if they 
were no Motion at all; and conſequently the 
Mutations of which we now ſpeak are to be eſti- 


mated from the Motion of the Sun; which while 


it tends to the Eat, makes that the two Motions 
aforeſaid ſhould ſeem to tend to the Weft. Which 
things have been ſpoken for preventing Miſtakes, 
which we may eaſily fall into in theſe Matters. 
But whereas the preſent Equation is ſaid to be 
proportional to the Sine of the double Diſtance 
of the Node from the next Conjunction or Qua- 
drature, this is what we mer with in the former 
Section, and is derived from the ſame Cauſes; and 
ſo I need to ſay no more concerning it in this 
Place, Our Author adds. 
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e Subtract from the True Place of the Sun the 

Middle Motion of the Apogee of the Moon, 
© ſo. equated as was ſhew'd before; the Remainder 
&* will be the Annual Argument of the ſaid Apo- 
© gee. From thence let there be computed the 
© Moon's Eccentricity and the Second Equation 
© of the Apogee thereof in the following man- 
© ner,” [ which, as Dr. Gregory obſerves, hath 
place alſo in the Computation of all the Inter- 
mediate Equations whatever. 


© I repreſents the Earth: TS a Right Line 
« Joining the Earth and the Sun. TAC; a Right 
« Line drawn from the Earth to the Middle 
« Place of the Lunar Apogee, equated as above; 
e The Angle STA is the Annual Argument of 
«+ the ſaid Apogee. TA the leaſt Eccentricity of 
c the Lunar Orbit. TB the greateſt Eccentricity 
« Of the ſame. Biſect AB in C. From the Cen- 
ac ter C through A deſcribe the Circle AFB. Let 
, the Angle BCF be made double to the Annual 
, Argument; the Right Line TE, when drawn, 
t'© will be the Eccentricity of the Lunar Orbit ; 
and the Angle BTE will be the Second Equa- 
by tion of the Moon's Apogee. For the Deter- 
v. mination of theſe things, let the mean Diſtance 
| - 0 
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* of the Moon from the Earth, or the Semi- dia- 
e meter of the Lunar Orbit, conſiſt of 1,000,000 
parts. Its greateſt Eccentricity TB will be of 
* 66,782; and the leaſt Eccentricity TA 43,319 
of the ſame Parts. So that the greateſt Equa- 


tion of the Orb thereof, to wit, when the Apo- 


© gee is in the Conjunctions, is 7*. 39 30”, or 
.. Perhaps 7*. 40“; (for it is ſuſpected that this is 
Chang d according to the Situation of the Apo- 
Bee in Cancer or Capricorn); but when the Apo- 
. gee is in the Quadratures of the Sun, then the 

aid greateſt Equation is 4%. 57'. 560. From 
* whence conſequently the greateſt Equation of 
e the Apogee is, 12. 15%. 4”. Which Words of 
our Author are ſo eaſy to be underſtood, that 
they require not our Explication. 


Novemb. 29. 1703. 


—— — 


LET. XXI 


O0 R Celebrated Author proceeds. There 
* being fram'd according to theſe Princi- 
ples a Table of the Equations of the Apogee 
* of the Moon, and of the Eccentricities of the 
Orbit of the ſame for each Degree of the 
Annual Argument; from whence the Ec- 
* centricity TF and the Angle BTE, (to wit, 


Ithe Second and chief Equation of the A- 


5 pogee ), convenient for the Given Time, 
„ may eaſily be fetch'd, Unto the Place of 
e the Apogee of the Moon firſt equated, as 
., Above, let there be added the Equation juſt 
„ now found, if the Annual Argument be leſs 
e than 90 Deg. or greater than 189 Deg. but 
leſs than 270, Otherwiſe let the ſaid Equation 

"ny —- 
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be ſubſtracted: The Sum or Difference will be 
** the Place of the Moon's Apogee equated a 2d 
Time: Which being ſubſtracted out of the 
_ © Moon's Place the 3d Time equated, there will 
be left the Mean Anomaly of the Moon, a- 
„ greeing to the Given Time. Moreover, from 
the Moon's Mean Anomaly and the now found 
** Eccentricity of the Orbit, (by means of a Ta- 
** ble of Equations of the Center of the Moon 
F* framed for each Degree of the Mean Anoma- 
ff ly, and for ſeveral Eccentricities, as 45000, 
50000, 55000, 60000, and 65009,) there will 
*© be had the Proſthaphæreſis or Equation of the 
te Center of the Moon, as in the common way 
b which being ſubſtracted in the former Semi- 
F* circle of the Mean Anomaly ; but added in the 
** latter, to the Place of the Moon, the 3d Time 
** equated,there will come forth the Moon's Place 
| the 4th Time equated”. Thus far our Author. 
For the right Underſtanding of which, we are 
to obſerve, that the Equation of the Apogee, or 
Proſtaphæreſis is to be deduc'd out of ſuch a Tri- 
gonometrical Calculation as follows. In the Tri- 
angle ICF there are given the Side TC of 550503 
Parts, and that CF of 117313, and the intercept- 
ed Angle ICF; to wit, the Complement of the 
gven Angle FCB to two right ones: From whence, 
by the known Method, will be found the Angle 
CTF, the Meaſure of the Equation ſought : For 
as the Sum of the Sides TC and CF=TB, which 
is of 66782 Parts, is to their Difference TA of 
43319 Parts ( both which Quantities are every- 
where fixed and the ſame;) ſo is the Tangent of 
the Half- Sum of the Angles CTF, and CFT=to 
half the given Angle FCB, to the Half-differ- 
ence of the ſame; which being taken away from 
hat Hali-Sum, will give the Angle CTF, or the 
P ſou ght 
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ſought Equation of the Apogee. And as for the 
Eccentricity TF, that will eaſily be known out o 
what has been already found: For in the ſame 
Triangle TCF, whoſe Angles are already given, 
the Side TF will become known in this manner: 
As the Sine of the given Angle CTF is to the op- 
poſite given Side CF; ſo likewiſe is the Sine of 
the given Angle TCF, or which comes to the 
ſame, the given Angle FCB, to the Side TF. Q. E. I 

But our Author goes on thus. The greateſt* 
variation of the Moon, (to wit, that which hap- 
* pens when this Planet is in the Octants of the 
* Sun,) is well nigh reciprocally, as the Cube of 
the Diſtance of the Sun from the Earth. Let 
it be taken to be 37". 25”, when the Sun is in 
the Perigee; and 33.4, when in the Apogee; 
and let the Difference of this Variation in the 
Octants be made reciprocally, as the difference 
of the Cubes of the Diſtances of the Sun from 
* the Earth ; and from thence let there be fram'd 
a Table of the foreſaid Variations of the Moon 
in the Octants of the Sun (or of the Loga- 
* rithms thereof) for each ten, or ſix, or five De- 
* grees of the Mean Anomaly; and for the Va- 
rtiation without the Octants, let it be made thus; 
As the Radius, is to the Sine of the double Di- 
* ſtance of the Moon from the next Conjuncti- 
on or Quadrature; ſo is the above-found Va- 
riation in the Octant, to the Variation agreeing 
to the given Aſpect: which being added to the 
place of the Moon above found in the firſt and 
„ third Quarter-( reckoning from the Sun ;) or 
5 ſubſtracted from the ſame in the 2d or 4th 
N Quarter, will give the Moon's Place equated 

the th Time.” Which Things are ſo clearly 
propounded by our famous Author, that they need 
little Explication, We therefore ſhall only ſhew 
Aa 4 our 
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pur Reader the way in an Example or two. Let 
the greateſt Variation be to be found, where the 
Sun's Diſtance is in a Mean, or of 1000 Parts. 
The Cube of the greateſt Diſtance, which is of 
about 1017 Parts, is 1,041,871,913 ; where the 
Variation by the Hypotheſis is 337. 4”. The Cube 
of the leaſt Diſtance, which is of about 983 Parts, 
is 949, 862, 087. The Difference of the Cubes, 
of the greateſt and leaſt, is 92, oo, 826. From 
whence the Analogy is thus Ordered: As that Dif- 
Ference of the Cubes 92, 009, 826 is to the Dif- 
ference of the Cubes of the Mean Diſtance 2000, 
and the leaſt 983, to wit, 50, 1373913; ſo is the 
Difference of the greateſt and the leaſt Variation 
4. 21 or 261" to a 4th Number 142“, or 2'. 22", 
to be ſuperadded to the former leaſt Quantity: 
Or as the Difference of the greateſt and leaſt 
Cubes 92, oo, 826, is to the Difference of the 
Cubes of the Mean Diſtance 1000, and the great- 
eſt 1017, to wit, 41,871,913 ; ſo is the Difference 
of the greateſt and leaſt Variation, or 261” to 2 
4h Number 119", or 1. 59“ to be taken away 
from the greateſt foregoing Quantity. For by 
both ways the ſame Variation, agreeing to the 
Sun's Mean Diſtance, will come out, to wit 35.26 
But it is to be noted, that there is no need of 
ſeveral Figures of the ſormer Terms of the Ana- 
iogy; which will make the Work much ſhorter ; 
for as 92:50:: 261“: 142. And as 92 :42 :: 
261”, 119”. which it is oftentimes worth the 
while to obſerve in this and the like Caſes. But 
Now let us hear Sir Iſaac Newton , who faith; 
Again, as the Radius, is to the Sine of the Sum 
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* the 6th Equation of the Place of the Moon; 
& to be ſubſtracted if the foreſaid Sum, or the 
e ſaid Exceſs be leſs than a Semi - circle; to be ad- 
& ded if greater. 

How it ſhould come to paſs that this 6th E- 
quation of the Moon ſhould ariſe from Cauſes 
which are ſo unlike join'd together amongſt 
themſelves, as are the Motion of the Moon from 
the Sun, and the Motion of the Apogee of the 
Moon from the Apogee of the Sun ; I muſt ac- 
knowledge my ſelf to be altogether Ignorant; nor 
is there Opportunity for enquiring in theſe Mat- 
ters merely Aſtronomical. In the mean while 
I ſuſpe&t that this Equation was rather deduc'd 
from Mr. Flamſteed's Obſervations, than from Sir 
Iſaac Newton's own Argumentation ; otherwiſe we 
had had two Equations aflign'd each to its pro- 
per Cauſe out of this conjun& One. However,the 
Words of our Author are too clear to need that 
we ſhould add one Word for interpreting them. 
He proceeds. Let it be made, as the Radius, 
** is to the Sine of the Diſtance of the Moon 
* from the Sun ; ſo is 2'. 20” to the 7th Equati- 
* on; -take away this when the Moon's Light is 
* increas'd, and add it when it is diminiſh'd, and 
* there will come forth the Moon's Place equa- 
* ted the th Time; which is the Place thereof 
in its proper Orbit. It is to be noted that this 
* Equation which here is expreſs'd in a Mean by 
* 2.20”, is not always of the ſame Quantity, 
* but is increas d and diminiſh'd according to the 
Situation of the Moon's Apogee: For if the 
* Apogee of the Moon be in Conjunction with 
the Apogee of the Sun, the foreſaid Equation 
* is greater by rome 54” ; but if it be in Oppo» 
** ſition to the ſame, it is ſo much leſs : and it is 
© berwixt the greateſt Quantity 3. 14”, and the 


Moon from the Earth in general is the ſame in 
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leaſt 1. 260. And this holds when the Apo- 
* gee of the Moon is in the Conjun&ions with 
the Sun; but when it is in the Quadratures, 
. the foreſaid Equation is to be diminiſh'd by 
= about 50, or one whole Minute, when the 
oh Apogee of the Moon, and that of the Sun, are 
„ in Conjunction; but if they be in Oppoſition, 
by reaſon of the Want of Obſervations, I can- 
not affirm whether it be to be increas d or di- 
miniſh'd ; yea, I dare not certainly determine 
of the abovre-ſuppos'd Increaſe or Decreaſe of 
the foreſaid Equation 2'. 20”, from the defect 
e We are in of Obſervations, ſufficiently exact. 
4 If the 6th and 7th Equations be increas d or 
„ diminiſh'd in the Reciprocal Proportion of the 
; Diſtance of the Moon from the Earth, that is, 
in the Direct Proportion of the Moon's Hori- 
„ Zontal Parallax, they will become the more 
. Accurate. And this will readily be done, if 
4 firſt of all Tables be fram'd for the Moon's 
„ Horizontal Parallax, and each fix or five De. 
, grees thereof, together with the Argument of 
the 6th Equation for the 6th Equation, and 
then that of the Diſtance of the Moon from 
“e the Sun for the 7th.” Thus far our Author. 
Now for the better underſtanding this Equa- 
tion, the th and laſt of thoſe which reſpect the 
Longicude of the Moon in her own Orbit, we 
muſt know, that- the Earth pofſeſſes the A- 
rithmetical Center, as it were, of the Moon's 
Orbit, not the Geometrical ; that is, that it 
poſſeſſes Arithmetically, but not Geometri- 
cally the Middle Point, betwixt the leaſt Di- 
ſtance of the Moon from the Sun, which is in 
the New-Moon, and that at the Pull-Moon, 
which is the greateſt ; for the Diſtance of the 
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the Full-Moon', as in the New- Moon ceteris 

ib; when nevertheleſs that ſame Diſtance 
hath a leſs proportion to the Diſtance of the 
dun from the Moon at the Full- Moon, which 
is then greater, than it hath at the New-Moon, 
at which Time the ſaid Diſtance is leſs, as 
is manifeſt to every one. From whence it 
comes that a Mean Geometrically Proportional 
betwixt the Diſtances of the Moon from the Sun, 
which is greateſt at the Full- Moon, and leaſt at 
the New- Moon, will always be terminated be- 
twixt the Sun and the Earth 3 and that interme- 
diate Point will conſticute a certain Center of 


the Lunar Motions, ſomething diſtant from the 


Center of the Earth, and towards the Sun. And if 
the Force of the Sun, by which the Motion of 
the Moon is diſturb'd, were only in a Recipro- 
cal Proportion of the Diſtance, that Point would 

be a certain Center of the Lunar Motions and 
Equations, about which, as about the Center of 
more even Motions, | rather than that which 
hath been hitherto ſuppos'd ] the Aſtronomical 
Computation would be rightly ordered ; ſo like- 
wiſe if the Force of the Sun, which diſturbs the 
Lunar Motions, were in a Duplicate Reciprocal 
Proportion of the Diſtances, there would be ſome 
middle Point betwixt the Sun and the Earth, and 
2 little more remote from the Center of the Earth, 
which might rather be nam'd the Center of the 
Lunar Motions than the middle Point of the 
Earth it ſelf; And the ſame thing would happen 
much more forcibly, were it ſuppos'd to be in the 
Triplicate Reciprocal Proportion of the Diſtan- 
ces increas'd or diminiſh'd ; and ſo forwards. : - 
Since therefore we have hitherto ſuppos'd the 
Equations in the New-Moons and Full-Moons ; 
ig the Octants towards the Sun, and thoſe ws 
at: Ht if cs itt bits of Wards 
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wards the oppoſite Part, and all other Mutations 
of Motions to be equal; which yet could not 
hold good, except about a certain Center placed 
between the Center of the Earth and the Sun, 
though near to the Center of the Earth; It is 
therefore reaſonable that we reduce all things 
from that Center unto the Center of the Earth: 

Which will be done in the ſame manner, as by 
the Common Proſthaphzreſes we reduce unto 
a certain Equality the Motion of the Planets, 
which is, almoſt, Even about the Superior Fo- 
cus of the Ellipſis, but Uneven about the Sun, 
which is placed in the Inferior Focus ; and de- 
termine for any given Moment of Time, and 
this with reſpe& to the Center of the Sun, where 
2 Planet is placed in its own Orbit. For Illuſtra- 
tion's ſake, let us ſuppoſe the Orbit of the Moon 
to be ſomething Eccentrical; that the Line of the 
Apſides, and that of the Apogee, does reſpe& the 
Center of the Sun; and let us reckon that Cen- 
ter of intermediate Equations to be, as it were, 
the Superior Focus, and the Center of the Earth, 
as it were, the Inferior Focus; and determine 
the Eccentricity of the Orbit to be ſo very little, 
that it yields an Equation of no more than 2. 20". 
what follows hence will make the preſent Com- 
putation eaſy enough. Excepting that the Chan- 
ges of that Quantity 20. 20”, according to the 
various Poſitions of the Apſides and Conjuncti- 
ons, cannot be deduc'd by that way of Reaſon- 
ing. Nor is this to be wonder'd at, ſince Sir 
Ifaac Newton himſelf ſeems to doubt of them, and 
will not venture to propound the ſame to his 

eader any otherwiſe than from Obſervations. 
This Equation certainly is ſubje& to Mutation, 
and that by reaſon of very many Cauſes, which 
indeed to deduce ſeverally and diſtinctly * 
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be 2 moſt difficult Task. But our Buſineſs at 
preſent is with Things purely Aſtronomical, and 
therefore we will in no wiſe make any Doubt a- 
bout the Equations, or Quanticies and Changes 
of Equations mention'd by Mr. Flamſteed and Sir 
Iſaac Newton ; Into the Cauſes of all which we 
ſhall have hereafrer a more prbper Place to en- 
quire, But as for what our Author adds con- 
cerning the Increaſe and Decreaſe of the 6th and 
th Equation in the Direct Proportion of the 
Moon's Horizontal Parallax, that I ſuppoſe 
means, that the ſame Equations are adapted to 
the mean Parallax or Diſtance of the Moon; 
and that when the Parallax ariſeth above Mean, 
the Equations are to be increas d; and when it 
is below the Mean, to be diminiſh'd. But our 
Author proceeds thus. Subſtract from the 
* True Place of the Sun, the Middle Motion of 
© the Aſcending Node of the Moon, equated as 
e above ; the Remainder will be the Annual Ar- 
* gument of the Equation ; from whence the 
* Second Equation of the fame will be equated 
in the following manner. In the foregoing 

Figure (Page 356.) let T, as before, repre- 
* ſent the Earth; TS a Right Line joining che 
* Earth and the Sun. Moreover, let TACB re- 
* preſent a Right Line drawn to the Place of 
the Aſcending Node of the Moon, equated as 
above; and let STA be the Annual Argument 
* of the Node. Let TA, taken to AB, as 56 
= to 3, or as 183 to 1. Biſect BA in C, and from 
4 the Center C, with the Interval CA or CB 
deſcribe the Circle AFB: and let the Angle 
* BCF be made equal to the double Annual Ar- 
5 gument of the Node, as found above. And 
the Angle BTF will be the Second Equation 


* of the Aſcending Node, to be added in the 
* Tranſit 


CC 
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© 'Tranfit of the Node from the Conjunctions to 
uy; the Quadratures, but to be ſubſtracted in the 
, Tranſit of the fame from Quadratures to the 
i Conjundtions : and thus we obtain the True 
„ Place of the Node of the Lunar Orbit. From 
„ whence by the help of Tables fram'd accord · 
r idg to the Common Method, the Moon's La. 
titude will be computed, and the Reduction 
of the Moon from her own Orbit to the E. 
cliptic ; the Inclination of the Lunar Orbit 
to the Plane of the Ecliptic being ſuppos d 
4”. 59. 37, when the Nodes are in the Qua- 
dratures of the Sun, and 5. 17%. 20” when 
they are in the Syrygies. And then from the 
* now found Longitude and Latitude, and the 
* given Obliquity of the Ecliptic 23. 29', the 
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© Right Aſcenſion arid Declination of the Moon 


© will be colle&ed”. Which Words of our Au- 
thor will be eaſily enough underſtood if we note 
theſe Things alſo. (r.) That for this Reaſon 2. 
lone TA is to be taken to be AB, as 56to3; 
to wit, becauſe from thence the greateſt Angle 
FTC will become equal to the greateſt E- 
quation of the Node given by Obſervation. 
(2.) That the particular Inclination of the Lu- 
nar Orbit to the Ecliptic is every Time to be 
defin'd by this Analogy ; namely, As the Dit- 
ference of the Right Sines of the greateſt Incli- 


nation, which is 5. 17 20”, and of the leaſt, 


which is 4. 59, 35; ſo will the Right Sine of the 
Diſtance of the Lunar Node from the next Con- 
junction be to a 4th Number; which Number be- 
ing ſuperadded to the Sine of the leaſt Inclina- 
tion, or taken away from the Sine of the great- 
eſt, will give the Sine of the Inclination ſought. 
3. The Longitude and Latitude being given, the 
Moon's Right Aſcenſion and Declination will — 
give 
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given in this manner. Let a great Circle of the 
Sphere be underſtood to be drawn from the Point 
of the Vernal Equinox to the Center of the Moon; 
there will be a Spheric Oblique-angled Triangle; 


by the Reſolution of which, almoſt all the Dif- 
ficulty of the Problem will be taken away; for 


there will be given one Side, to wit, the Diſtance 


betwixt the Point of the Vernal Equinox and the 
Lunar Node; and another Side alſo will be gi- 
ven, to wit, the Diſtance of the Moon from the 
Node ; and there will likewiſe be given the in- 
cloſed Angle, as being the Complement of the 
Angle of the Inclination of the Lunar Orbit to 
the Ecliptic. From whence, by the Famous Caſ- 
wells gth Caſe of Spheric Oblique-angled Trian- 
ples, the Hypotenuſe will be given; and by the 
roth Caſe, the Angle adjacent to a Side that 
toucheth the Point of the Vernal Equinox ; which 
Angle ſo found being added to the Angle of the 
Inclination of the Ecliptic to the Equator, which 
here is moſt accurately defin'd to be of 23*. 29, 
or taken away from the ſame, according to the 
Various Poſition of the Lunar Nodes, will give 
the Angle at the Equator. From which and the 
Hypotenuſe already given, the Moon's Right 
Aſcenſion and Declination from the Equator will 
eaſily become known. And no more needs to 
be fad in ſo plain a Matter. But our Famous 
Author proceeds thus : © I ſuppoſe the Horizon- 
* tal Parallax of the Moon in the Con junctions, 
and in a mean Diftance from the Earth, to be 


© 57.30"; the Horary Motion thereof 33.22.32“; 


and the Apparent Diameter 31'. 300. Bur rhe 
* Parallax of the fame in the Quadratures at a 
? mean Diſtance from the Earth likewiſe-56'.40" ; 
„ the Horary Motion 32'. 12". 2", and the Ap- 
parent Diameter 31.3“ The Center of the 

1 Moon 
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Sir Iſaac Neurons Aſtronomy and Philoſophy un- 
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Moon in an Octant of the Sun, and my 
* diſtant, is diftant from the Center of the Eart 

8 5 8 about 605 Semi- diameters of the ſame. I ſup. 
« poſe alſo the Sun's Horizontal Parallax to be 
4 10”, and 32'.15" to be the Meaſure of the Ap. 
parent Diameter thereof in a middle Diſtance 
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from tlie Earth... The. Atmoſphere of the 
Earth, by Refracting and Diſſipating the Light 
« of the Suri; caſts a Shadow as though it were 
9 Opake, unto the Height at leaſt of 40 or 50 
be Geographic Miles; (by a Geographic Mile, I 
% mean the Sixtieth Part of a Degree of à great 
.. Circle upon the Surface of the Earth:) This 
c 1 ESE" nd? 

«{ Shadow in. a Lunar Eclipſe falling upon the 
Moon, makes the Shadow of the Earth greater 
than otherwiſe it would be, and co each Mile 
of the Terreſtrial Atmoſphere there anſwer one 
2d Minute in the Diſcus of the Moon: And 
4 conſequently the Semi-diameter of the Ter- 
4 Teſtrial Shadow on the Diſcus of the Moon is 
a Increasd by about go Seconds; or which comes 
4e to the ſame thing in an Eclipſe of the Moon, 
tc 


c 
cc 
cc 


the Horizontal Parallax of the Moon is increas'd 

in the Proportion of 70 to 69, or thereabouts. 
Which Words of our Author are eaſy enough in 
themſelves ; if we conſider that the Semi-diameter 
of the Lunar Orbit contains about 60 Semi-diam- 
ters of the Earth, in the mean while that one firſt 
Minute, which anſwers here to one Mile, con- 
tains alſo 60 Seconds; and if withal we remember 
that 5o Geographic Miles are about a 7oth Part of 
the Semi-diameter of the Earth. But here I ſhall 
conclude; For we have now at length finiſh'd our 
Aſtronomy ; and ſhall defer the Explication of 


til the next Term. 
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The Firſt Equation of Apparent Time. 
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The Second Equation of Apparent Time, 
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A TABLE of the EQuarion of Days 
derived from both the former, and depending 
on the Sun's Place. 
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A TABLE of the Mean Motion of the Earth, of he 
Place of the Peribelion, and of the Preceſſion of the 
Equinox from the firſt Star of Aries. 
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18605 00 34 15 26 37 26 12 10 4&7 ! 
19105. 13 44 50] 25 44 07 12 13 58 
20] 05 26 55 25 25 50. 48 12 17 08 
21] 06 10 o oo 25 57 29 12 20 19 
22] 06 23 16 35 26 4 10 [ 12 23 29 
2307 6 27 10] 26 10 51 12 26 40 
241] 07 19 37 45 26 17 32 17 29 9* | 
21108 02 48 20] 26 24 13 12 33 OL 
2608 15 58 55] 25 30 55 12 36 12 
27108 29 og go 26 37 36 12 39 23 
og 12 20 5] 26 44 17 12 42 34 
2909 25 30 go} 26 50 58 12 43 44 
30] 10 08 41 15] 26 57-39 | 12 48 3 
31110 21 51 50 27 04 2» | 12 52 05 | 
d C 2 A TABLE 
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A TABLE of the Mean Motion of the 
Moo n, Cc. 


SEPTEMBER. 


—— 


Ide Mean Motion The Mean Motion The Mean Motion 
of the Moon. of the Apogee. of the Node. 


— — oth — 4 — 1 | 


s AV 


3 o f i007 43 0. E- 0 8 77 
1111 05 2 25 [0 27 11 O01 12 55 16 
2111 18 13 oo 27 17 42 12 58 27 
3100 o 23 35 [0 27 24 23 13 01 37 
4400 14 34 10100 27 31 4] 13 4 48 
310 27 44 4512 27, 37 45] 13 07 58 
601 10 55 200 27 44 26| 13 11 00 
7101 24 5 5559 27 51 007 13 14 20 
8802 07 16 3000 27 57 48] 13 17 31 
gf 02 20 27 5 [00 28 04 29 13 20 41 
1003 03 37 goo 28 11 11] 13 23 52 


1103 16 48 1500 28 17 52] 13 27 3 
1203 29 58 50 [00 28 24 334 13 

13404 13 % 25/0 28 31 14] 13 

14404 26 20 O0 [oO 28 37 55| 13 

15105, 09 30 35100 25 44 36 

1605 22 41 10 [00 25 51 17 13 

17105 -05 51 43/00 28 57 58| 13 

18106 19 o2 20|00 29 4 391 13 

19107 o 12 3550 29 11 201] 13 

20} 07- 15 23 3000 29 18 O1 [13 


| 210% 28 34 5 OO 29 24 42} 13 58 
| os 11 44 40 O0 29 31 23 14 
þ , 231 08 28 55 5100 29 38 04 14 
| | 24] 29 005 50 

| 25009 21 16 *25|00 29 51 27 14 
26 10 04 27 O0 Oo 29 58 o8| 14 
27] 10 7 37 35101 ©0 04 49 14 
0 28111 00 48 1001 00 11 30 14 
291 11 13 58 4501 0 18 11 14 
| 20] 11 27 9 200 00 24 52 14 


Aſtronomical Tab les. 


25 


A T LT of the Mean Motion of the | 


Moon, &c. 
-OCTOBER. 
The Mean Motion | The Mean Motion | The Mean Motion 
p of the Moon. of the Apogee. of the Node. 
< 3 — © vr ein © 
; SM 1 3 ” 0 1 
1199 10 19 55% 0% 00 31 33] 14 30 35 
2100 23 30 30% 00 38 14] 14 33 46 
3101 06 41 o5fol O00 44 55 14 36 56 
4101 19 51 4gofjor 00 51 36 14 40 O7 
5102 3 O 15-1 ©O 38 17] 14 423 17 
$102 16 12 5c loi o1 o4 58] 14 46 28 
7102 29 23 2601 ot 11 39] 14 49 39 
$Joz 12 34 [o on 18 20 14 52 30 
903 25 44 36101 Od 25 02 14 56 80 
10004 8 55 11001 ont 31 43] 14 59 17 
11104 22 05 46 [0 or 38 24] 15 02 21 
12105 o5 16 2101 os 45 ©5| 15 3 32 | 
1305 18 26 5601 or 51 46] 15 08 43 
14406 o1 37 31]01 ol 58 27] 15 11 53 
15106 14 48 060 o2 of o8| 15 15 04 
1606 27 58 41 [o 02 11 49] 15 18 15 
17107 11 og 16 [O0 02 18 30] 15 21 26 
. he Wee 25 11} 15 24 36 
i9]08 7 30 2601 02 31 52] 15 27 47 
20108. 20 41 101 o2 38 _33]_15_30 57 | 
nog 03 51 365]or 2 45 14| 15 34 08 
22109 17 O2 11101 O2 351 $5 15 7 WP : 
23110 o 12 46J01 o 58 36] 15 40 29 
24110 13 23 21101 03 05 1 15 43 40 
2510 25 33 56Jor O3 It 5 _15 46 50 _ 
3611 59 44 31 03 18 39| 15 5o at 
27111 22 55 o6Jort 03 25 21 15 $3 12 
28]00 06 o qiſoi 03 32 o2[. 15 $6 22 
294,00 19 16 1$S]ot 03 38 43] 15 59 33 
2101 o2 26 gijort OZ 45 24| 16 82 43 _ 
1101 1 37 [26101 03 52 ogl 16 as 54 
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26 rere Tables. 
4 T ABI. E of the * Mee of hy 
M oo N, &c. 
| NOVEMBER. 
- The Mean Motion . The Mean Motion | The Mean Motion 
| of the Moon, | of the Apogee. jt of the Node, 
< & + 
1 - " | 
E EL %%% *.:. 0 „ tf 
1101 28 48 O1 [of 03 58 4 16 O 05 
2102 11 58 3601 4 O5 27 16 12 16 
3192 25 Og 1101 04 12 08 16 15 26 
4103 08 19 46 [O 4 18 4g} 16 18 37 
5183 21 39 2101 4 25 30 16 21 45 
604 o4 40 5601 04 32 i1il 16 24 59 
: 7104 17 51 31Jot. o4 38 x53] 16 28 09 
8105 on O2 o61]or o4 45 341 16 31 20 
+9005 14 12 Jo 04 352 354 16 24 20 
10] 27 23 15 4 38 56] 16 37 41 
110 10 33 510 05 05-37] 16 40 52 
12 os 23 44 26101 os 12 ho 16 44 02 
13407 06 55 o1,Joi o 18 591 16 47 13 
14]07 20 oO5 36Jori o 25 40] 16 50 23 
2508 03 16 11Þor os 32 il 16 53 34 
16+08- 16 26 46 [O 05 39 o2| 16 56 45 
1208 29 37 21101, 05 45 43] 16 59 55 
18 0 12 47 5601 O5 52 2 17 03 O86 
190 25 38 31] 05 59 os} 17 06 16 
10 Og Og 06 [oi 06 05 :46 17 O9 27 
10 22 19 41 01 05 12 27] 17 12 38 
o 30 160, c6 19 log] 17 15 49 
18 40 51 Jos cs 25 .50| 17 18 59 
on 51 2601 06 32 31 17 - 22 10:5 
15 O2 0201 O65 39 12 17 25 21 
28 12 3701 ot 06 45 53] 17 28 32 
11 23 12401, 06 52 134] 17 31 42 
24 33 47191. 05 59 15] 17 34 53 
07 44 2201 O7 O05. 56 17 38 03 
20 34 Sy 22. O7_ 12: 13F] 1241 14 
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TA TABLE of the Mean Motion of ths 
Moon, &c. 
DECE SES” He a 
= In. Mean 95 The Mean Motion The Mean Motion | 
X of the Moon. of the Apegee. of ibe Node. 
; 8 e gs -{@; <9 1 " I: $? 0 /, 
71193 04 05 3201 07 19 18] 17" 44 25 
$103 . 17. j8S- O7 LOL '07' 35 . 404 1747s 
3104 O 26 42801 O7 33--40] 17 50 46 
4] 24 13 37 17101 07 39 21] 17 53 56 
« | 04 26 47 52101 07 46 02 17 57 7 
$195 og 58 27101 07 52 43] 18 oo 18 
7125 23 , 09 O2 OI 07 59 24 18 03 28 
8106 06 19 3701 O08 os os| 18 os 39 
9s 19 30 1201 08 12 47] 18 09 49 
102 02 40 4701 o8 19 28] 18 13 oo 
11197 15 51 22801 08 26 ogf 18 16 112 
1207 29 O 5701 03 32 501. 18 19 21 
13108 12 12 3201 08 39 31] 18 22 32 
14408 25 23 oi 08 46 12] 18 25 42 
T 
16109 21 44 171091 os 59 34 18 32 04 
17] 10 o4 54 52191 Og 6 x5] 18 35 15 
1810 18 o5 2701 O9 12 561 18 38 25 
1911 or 16 201 Og 19 38] 18 41 36 
200 11 14 26 3701 Og 26 191 18 44 47 
21 11 27 37 12101 09. 33 oo| 18 47 58: 
22] 00 10 47 4701 O9 39 41 18 51 Og * 
2300 23 58 2201 9 46 22 18 5419 
244o1 7 08 57]ot O9 53 og 18 57 30 
2121 20 192 321. 99 72 4. 1880 4) 
26002 03 30 O7 loi 10 06 25 19 03. 51 
27102 16 40 4201 10 13 06 19 O7 ON 
28] 02 29 51 17]OI 10 19 47þ 19 10 12 
291 03 13 - OL. 52101 10 26 281 19aT9-4623 
3003 26 12 2701 10 33 0 19:14. 3+ | 
311 04 Og 23 02103 10 39 5of 19 19 45_| 
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A TABLE of the Mean Motion of the 
Moo in Hours, and Parts of an Hour. 
Lo 43 „ Ho u enen 
17 rm ft enn en, een 
„ jou mn m mum unn er oe WM πνe m 
'o| © oo => 0010 OO| 30 16 28 14 8 213 58 
10 3: 560 170 083117 or 10] 8 38408 
2] 1 05 330 330 16[|32[17 34 078 544 14 
3] 1 389490 500 240/3318 07 039 114 22 
142 11 461 0719 3234/18 39 35 9 284 30 
eee 
6163 17 391 400 4803619 45 52/10 024 46 
123 59 3511 570 560/37 20 18 48110 194 54 
814 23 32,2 14/1 04 [38 20 51 45/10 365 02 
914 56 2802 301 12/3921 24 41/0 525 10 
10] 5 29 252 47] 194021 57 38111 85 18 
11] 6 02 2113 4]1 2741/22 30 34/11 255 26 
1126 35 1803 21035/4223 03 37/11 423 34 
13] 7 08 1413 3711 431]43[23 36 27/11 595 42 
14] 7 41 103 54/1 51/44/24 0 24/12 165 50 
15] 8 14 97412 45 | 24 42 20112 325 58 
16] 8 47 034 27274625 15 1712 4816 06 
17] 9 20 004 44]2 15 [4725 48 13113 056 14 
189 52 565 0102 231[48|26 21 10113 2216 22 
119 0 25 $53 \5 18[2 31 49 26 54 06113 39 6 30 
20110 53 4915 34[2 39||50[27 27 03113 5016 38 
21111 31 465 5112 47 [5127 59 59014 136 46 
[22112 C4 426 082 55 5228 32 5614 306 54 
12312 37 396 24/3 035329 o5 52/14 467 on 
2413 10 35% 4113 211154129 38 49/1 927 08 
2563.43 22161 58]3 19]|55[30 11 45115 19f7 16 
25 [14 16 28]7 1513 27 55 30 44 4215 367 24 
27114 49 24/7 3113 34]|57| 3% 17 38015 53/7 32 
285 22 21 [7 4803 425831 50 34116 107 40 
js 55 173 513 501; 56132 23 31 16 2617 48 
3olis_28 1418 2113 488142 56 2716 4317 56 
In Leap-Years after February add « Day 10 the Time given, 
aud its Motion 10 the reſt. * E r 
. ATABLE 
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Phyſical Parts to be added to, or ſubſtracted from the 
Mean Motion of the Moo x, according the & u n's 


Mean Anomaly. 
Add. 

— EZ * 
8 O I 2 3 + ; 
S D „ 
709 1© co 5 36 11 3010 o; 51 


1 


O A 


W ww Ones 
OO oO © on 


— 


0 ow of tw 0 -|o 
O 
A 


11 $56[7 16110 43]11 22] 3 54 00 20 


162 o5]8 Oo ii 0611 o7] 8 06j2 50 | 14 
17|3 16]8 7 % 04] 7 38/2 3813 
1812 27 25 [11 12111 07 4912 26112 
93 398 33! 14110 577 40/2 141 


203 38 411 12] 53] 7 2002 2110 
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_ Aſtronomical Tables. 
The Equations of the M o o N's Apogee; and the Eccentricities 
ok its Orbit, in ſuch Parts as the Radius contains 1000000, 


Add the Equations of the Apogee. 


| 
Sign 2, [Eccen-| Sign . | Eccen-| Sign 4, |Eccen- 
| brit | 881 ricity. 


1M. Ine fo. f ow. o % [Parts, 
| . 
| 


un nung 


0 oo ocſ66854'09 07 14 51045011 2? 55149429130 
jo 20 2105684709 20 52160691510 59 4549082 29 
0 40 4285682609 34 0115033010 49 3545741 | 28 
1 01 O1 25 46 40059962010 38 224840827 


1 21 1765674109 58 4959589ſi0 26 9748585 26 
1 41 30566780 10 24159210]12 12 5047769] 25 


2 O1 406660010 21 29 58 1 7 5 24 


— -- 


— — 


alas wv m | © | und jpnuuy/ 


2 21 44166509110 31 58 43 194716723 

2 41 4 56404110 41 50 26 43146880 | 22 

3 01 346628610 51 08 9 244660421 
1013 21 1 5154ʃ10 59 48 8 51 0046337 20 
It 3 40 54j66008\11 07 47 31 30,4692 19 
1214 O0 1 55850 11 15 07 11 1445838 18 
4 19 380655679 11 21 45 49 554580617 
14438 4 5549311 27 40 27 4945355 [16 
| 4 57 386529811 32 51 | O4 31045 176 15 
| 16 2 850891 37 17 40 3044979 | 14 | 
34 4964868011 30 55 15 4044794 13 

5 53 9264630011 43 47 50 024462312 

6 11 01664392111 45 49 23 3944466 [11 

| & 28 43 64137/11_47 Ol 88 34443 20 10 
| 387011 47 22 28 51144188] 9g 

7 03 15163594/11 46 50 co 32144070| 8 

7 20 03163307]11 45 24 31 494395507 
2417 36 326301111 43 04 O2 2043874] 6 
257 2 3562705|11 39 47 03 - 29143796] 5] 
| 2618 08 2062389|11 35 34 2 39143733 | 4] 
| 47 8 23 $1 6206411 30 23 32 081436823 3} 
12818 38 38 6173311 24 14 51 30143648 | 2 
2918 53 080603921 17 05 39 45143527 | 1 
30[2 07 1461045] 03 55 94 00 09143619-|- 0| 
. | | Sign . | | Sign 5» | 5 | 


— 
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| Subſtract the Equations of the Apogee. | 
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A TABLE of the Equations of the Mo o x's 


2 Sign KS 


Center. 
Subſtract. 
Sign o. A | . Sign 1. 
Sn. Ecc.] Mean. Greateſt.] [Sm. Ecc. Mean, 
9.43619 [5237 66854 || 43619 | 55237 
So / Wor not Ho TFH TT 
E 00 Ooſo 00. oO co oof [2 23 08 
04 5800 06 12]0 07 242 27 3213 04 33 
20 og 56/0 12 240 14 48||2 31 5003 10 00 
30 14 53] 18 350 22 12}|2 36 2713 15 23 
0 19 $0jo 24 4710 29 36||2 40-2219 20 44 
24 4800 30 5800 36 580½2 44 353 26 01 
29 44] 37 090 44 20|[2 48 488 31 16 
34 390 43 192 51 42/2 52 533 36 27 
39 3412 49 27% 59 04/2 56 54/3 41 35 
44 300 55 365 06 25/3 00 35853 46 39 
49 25} 01 420 13 4304 5513 51 39 
54 19]: 07 51j1 21 o2þ[3 08 5303 56 36 
59 131 13 57/1 28 15113 12 46ʃ4 O1 30 
1% 04 O41 20 0201 35 34113 16 354 06 20 
14x 08 5601 26 051 42 49}]s 20 22/4 11-06 
1511 13 45/1 32 07/1 50 o2þ13 24 05 
1001 18 331 38 08 | 
171: 23 20/1 44 08 
181 28 o6|1 50 06 
191 32 5001 56 02 
21 37 3202 01 50 
2111 42 13]2 07 49 
221 46 53j2 13 39 
23/1 51 3312 19 27 
241 56 092 25 14 
25/2 00 45/2 30 38 
202 05 18/2 36 41 
2712 09. 492 42 21 
2802 14 1812-47 58 
2902 18 442 53 32 
92 23 0802 59 04 


2 59 04 


4 15 47] 
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JA TABLE of the Equations of the Mo o x's 


— — 


Center. 
Subſtract. | 
1 
S. Zcc. Mean. Greateſt. | [Sm. Ecc.| Mean, Greateſt. | > 
>| 43619 | 55327 | 65354 || 43619 | 55327 | 66854 [> 
ze ' of I ito 1 Ho 1 WI Ag: 
| of4 12 40 17 276 21 18] {4 59 306 18 59/7 38 1700 
4 15 18]5 20 5416 25 32||4 59 4866 19 2317 38 5:29 
4 17 56j5 24 1715 29 39 59 56{6 19 40/7 39 20 
4 20 2856 27 35] 33 400 59 59Þ6 19 507 39 4c 
414 23 ool5 30 4716 37 3604 59 58Þ 19 5417 39 5 
4 25 2415 33 53/6 41 25/4 59 496 19 5117 39 53 
614 27 4415 36 5415 45 ©8]{4 59 366 19 40 
4 30 ool5 39 4919 4 44] 59 2066 19 23 
4 32 126 42 396 52 14/4 58 5366 18 57 
+ 34 195 43 55 36114 53 2416 18 25 
4 36 215 48 0216 55 52 57 486 17 46 
33 1855 50 35% 02 01 $7 Oo 17 oo 
40 1215 53 027 05 03114 56 196 16 08/7 36 12 
55 276 15 o8 


4 43 2216 03 4217 18 2404 51 03's og 56 
34 49 445 ©5 31% 20 42/4 49 4516 08 20 
51 025 O 15% 22 53/4 48 216 06 37 
52 1566 08 527 24 5604 46 5116 04 48 


2214 54 236 11 467 28 39/4 43 34/9 oo 48 
234 55 2066 13 03% 30 200% 41 4415 58 37 
244 56 1265 14 14/7 31 52þ14 39 5615 56 19 
54 56 596 15 197 33 1604 37 55 53 54 


2614 57 3866 1617/7 34 32 

2714 58 146 17 087 

2814 58 456 17 5217 3 
7 
7 


294 59 1006 18 29 
30 59 3915 18 59 


—.— 8 


— — 


- — — ———zp—j,j, 
. — 29956. „ 1 ot © ” * * 4 W 
. - P - . ; 8 * q 
* * » „ vo * - 7 ” 


1 0 =— „ -- 4 4 ” % = — * 
* * y 1 . a . hs " — 
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A TABLE of the Equations of the Mo o n's 


* E ”.  & - þ iid R Þ — 2 — Arn wn Gn” eee 


_— — e MS. Rs — 


Center. 
Subſtract. 
— Sign 4. 3 Sign 5. E 
| . |Greateſt.| m Ecc. Mean, Greateſt. Y 
43619 | 55237 | 66854 | | 43619 | 55237 2 E 
N 77% Tt — i Who 1 LH 
54 231[2_37 103 21 484 07 E 
2 32 273 15 3 15 484 00 10/29 
46 52]|2 27 42/3 og 44 52 45/28 
42 54/2 22 543 03 3013 45 1427 
2 18 32 57 2403 37 29.2 
213 09/2 51 0603 29 5 721 
30 1112 2 0 1302 44 45/3 22 1424 
25 40112 os 14,2 38 2213 15 2 5 
21 0101 58 12,2 31 553 06 205 
16 14JJ[1 53 — 25 242 58 31/21] 
11 20]j1 48 O12 1 XP. 50 29/20] 
1 42 52/2 12 13/2 42 2319 
o1 oN 37 4112 0 322 3 34 1918 
51 06}; 55 491] 32 270 5 492 25 581 
46 365 50 210% 27 111 52 05/2 17 41 
5 44 4$}]1 21 54j1 45 172 09 21 
37 1756 39 06 1 38 262 00 5 OO 58 
32 2715 33 17 1 1 331 52 31 
27 325 27 22 I 24 3%|1 44 01 
22 3315 21 19 1 11 
— 09 OY 
2113 16 59Þ4 12 1756 08 52 1 03 43 18 1 
223 12 48|4 07 01056 02 28 
233 08 34% 01 404 55 58 
2413 04 163 56 — 49 21 42 360 52 2 
2512 59 53]3_52 49 42 —_—_ 35 3C 
26]2 55 2713 45 03 3 28 25 34 5 
4712 50 5913 39 2 21 190 26 1 
23]2 46 2603 33 3 * 14 130 17 2 
14 41 07 o 08 45 
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A TABLE of the Equation of the Nops, 
and Inclination of the LIMIT above 5. 


Add the Equation of the Node, 


© Sign 2» | Sign Jo Sign + 1 ©) 
8 2 gonad | he Ve 2 0 2 Fes ucl, of S 
— 292. « — 
SL Wd 7 ff ST JL 
o oO ois oo; [1 25 12113 3o| |1 26 50/04 20 30 
'1Þ 03 28118 O0 |1 27 oof13 14] 1 25 01004 14] 29 
20 06 56117 590 [1 28 37/2 57] 1 23 06103 59] 28 
30 10 2317 59] 1 30 O4fi2 40] 1 21 05103 431 27 
4% 13 49117 55/ 1 31 22/12 23] 1 19 03193 281 26 
55. 17 11117 52] I 32 30/12 os} 1 46 5603 13] 25 
&Þ 20 31117 48 1 33 34/11 47] |1 14 44 59] 24 
70 23 48/17 43! 1 34 34|11 29 1 12 26002 45] 23 
80 27 02117 38 I 35 3111 11] l 10 0202 32 22 
9 30 13]17 34 [1 36 25/10 530 fl o/ 31002 19] 21 
10] 33 22017 28, 1 37 15112 34 1 04 53/02 06 20 
110 36 29,17 21} 1 37 59/10 14] [1 o2 ogfoer 54] 19 
120 39 34117 13 [1 33 37Þ9 55] % 59 191 43] 13 
13] 42 37117 05} [1 39 ogfog 37] o 56 23PÞP1 32] 17 
140 45 38016 57] |1 39 33009 13] o 53 211 22] 16 
150 48 37116 45, 1 29 40% oof 0 50 15001 12] 15 
1500 51 33116 35; 1 39 3408 42] o 47 o6[01 03 03] 14 
1710 54 27119 25, I 39 11008 23] {0 43 56Þoo 55] 13 
1890 57 17116 17, i 38 4108 os o 40 44loo 47 12 
ig] 00 06116 06 [1 38 oõ5qſo7 46 © 37 29/0 39] 71 
2001 02 51f15 54) 1 37 23107 26] ſo 44 12000 32] 10 
217 Tl x 36 3407 07] % 30 53100 26] 9 
22]1 08 04/15 28] fl 35 46106 49] jo 27 32joo 221 8 
2311 10 29115 15 1 34 $606 31 ſo 24 ogoo 17] 7 
2401 12 48015 O01] ft 34 0306 13 © 20 44100 121 6 
250 15 O1114 47 1 33 oSÞo5 55] [o 17 1800 08 5 
26]1 17 08/14 32] 1 32 0505 37] |o 13 5100 off 4 
27]1 19 12114 17] [1 31 oofo5 20] [o 10 24J0 o2f 3 
2811 21 14 16:08. 1 29 4705 03] ſo os 57]o0 oil 2 
29]1 23 14 13 46 1 28 24104 46] jo 03 29000 oo 10 
3001 25 1213 30 1 26 5004 3 O oO oo oc © 
3 Sign g r- | Sign *. | Sign 3. 


Subſtract the Equation of the Node. 
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TATABLE of the Simple Latitude of the Mo o N, fitted 
to the leaſt Inclination of its Orbit: With the Increment, 
fitted to the greateſt Inclination of 5*. 18!., 


| | 


bay a QT 
W. AE % W. C | | Nr TN & 
E- ; 23 ifs 38 E. N 2 8 
r. 8 | Sul 8: Sul s 94 
Tat. 3 8] ( Tat. 3 8 [C Lat. 8 N 
„ Rn! " Tm Ts 
oO Oooſoo _ 2 29 51 9 _ [4 19 44['5 36130 
Os 14100 19] 2 34 22] 9 16; (4 22 1815 45129 
10 28000 37] 2 38 50 9 32] |4 24 45]'5 54128 
15 42]00 56] 2 43 15] 9 48] (4 27 14110 02027 
20 5501 15] {2 47 37110 03 [+ 29 34|'6 11126 
26 0801 34 251 «6110 19 4 31 5c 16 19125 
0 31 20JL 53] 2 56 11010 344 4 34 oc|10 27/24 
2 36 32102 11] 3 oo 24010 49] (4 36 05116 34/23 
8b 41 43102 30 33 061:5 42 
4 


27 37105 15 
32 36105 33 


37 3405 51 
42 29j06 o 13 49 42113 47 5 26117 44110 
47 23105 27] 3 53 02013 59] (4 56 1817 47] 9 
52 16106 45] 3 56:17]14 11} f 57 ©4117 50 8 
57 o6[o7 o2] 3 59 29014 23] 4 57 45/7 527 
2 01 54107 19] (4 02 36014 34] |4 58 21117 546 
25]2 06 3907 36] [4 05 39114 45] [4 53 51117 56} 5 
12602 11 23]07 53] 4 08 37]4 56] (4 59 16[17 58] 4 
27/2 16 04108 o 4 11 3ofts 06] 4 59 35117 59] 3) 
12802 20 4208 26 4 14 195 17] 14 59 49117 59] 2 
29.2 25 18008 43 (4 17 04115 2 4 59 57]8 I 
3002 29 51009 oo [4 19 44115 36 5 00 oojts Ocf © 
$ 4 z 
Sig. =; Sig. Nor. 5 . Nor 
| 108, 10 So. | g Sou 1 
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AT ABLE of the Reduction fitted to the leaſt Inclination | 
of the Orbit of 53 With the Exceſs fitted to the greateſt 
Inclination of 5%. 187. 


\SO COwg 48 8 1 © [207 167 Sup 


102 © V9 þÞ Ln 1 SUD x ES 
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Sign ſubs. 


Sign ſubs. 


"Redu8. 
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 Redutt, 


fp Bs 


n 


00 © O5 40 


O0 14 
OO 27 
00 41 
0 5 
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O02 O1 
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O06 24 
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Mean |,- of thel meter of | IE Mean 
Anem. |, the Sun, — — Anom 
5 —— — — HARE ' 7 — — — — 
18 0 1 7 Ki 1 7 7 ly 2 8 0 
O O0 2 23 15 50 30 51 29 30 12 OO 
06 2 23 15 50 30 52 29 31 24 
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A TABLE of the Reduction of the Time between the true Conjunctions and Oppoſition: of the 
SUN and MOON, and the neareſt Diſtance of their Centers, 

Argum. 0 | Subtra# from the Time of the true Conjunftlion or Oppoſit. in the Moon's Orbit. Argum, of 
 [Eatitude, _ The-true Horary Motion of the MO O N from the & U N. _ Latitude, 
gn o 228“ | of | 3&f zz Fizz! | 33! IIS 
Sign 6 7 7 [/ [/i [one AE MA if [ffir [/ | Signs © 
Gr. 0 —|o o OOo 00[oo00[ooſoofo ooo ooo oo © 00 | Gr. 30 

I o 3510 340 33jo31logolozgloz38loz7lozd]o 26 29 
2 1101 071 051031 ooo 580 560 55 o 53 o 51} 28 
3 2431 41 321 341 201 221 25 1—22 112227 
4 2 20 2 15 [2 10 2052 00 1 56 1331 49/145 [1 42 26 
5 2552 4512 42]2 362 30 2 252 212162 1212 08 25 
6 32913 21|314|}307þ3 ooþ2 54|2 48] 2 43] 3 38|2 33 24 
7 4 041.3 54] 3 4613 38] 3 303 23]3 16]3 103 042 580 23 
8 435 ]4-2714 171408] 3 593 51/3 43]3 36]3 09] 3 23 22 
"ny. $1114 59]4 4814 38]4 28] 4 19] 4 10]4 0213 54]3 47] 21 
IO 544) 5 3185 19] 5 0714 5614 4514 3714 2314 1904 21] 20 
11 43122 1491 375255 45 03] 45314 44] 4 35 19 

1 6 5016 3416 1916 61 5 5215 414 291 5 121124 % 18 
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A TABLE of the Mean Motions of the Mo Ox 
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r an Motion The Mean — 
Pur ers e Mon from | | OI fk e fe 
| * | the Sun. | * | the Sun, 
Fog bi Gn ke nn EE 7 8 $1.79 
| 1 Jos 24 og 42 i [O04 O09 37 25 
1501 O04 10 25 59 2 1408 19 14 19 
' 1581 10 o4 o5 54 3 loo 28 52 11 
ien e 54 4 Jos 20 41 03 
1621 [o7 oo 35 56 5 10 oo 18 28 27 
1641 I. 6 12 og 55 <0 50 
' 1651 [oz 27 45 38 7 126 19 33 14 
1681 jos 11 10 59 8...[13---343---22 05 
i 1701 foo 24 36 oo 9 103 20 359 30 
| 1721 [05 o8 01 or] | 10 fos8 oo 36 53 
$74i jog 21 26 024 +--- 11 fee 10 1 17 
17 t fo2 04 31 03 12 o 02 03 o 
1781 jos 18 16 04 13 o 11 40 32 
1801 (1 1 41 04 14 fol 21 17 55 
Compl.Jul. j Mean Mor. of the 15 ſos OO 55 18 
Years. _ | Moon fr. the Sun. 16 10 22 44 10 
20 lo 13 25 12 17 03 2 21 35 
40 of 26 5 23 15 [07 11 38 5 
80 los 23 40 52 [ 2 904 13 25 13 
100 10 07 05 O5| | 1, 4p, Mean Mot. of the 
=> ok 1 4 12 10| | Moon fr. the Sun. 
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| goo [og 28 24 20 | February. 0 17 54 47 
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600 [OLI 12 35 5 30 April. joo 17 10 02 
700 1 : 19 42 35 | | May. o0 22 $2 Y 
800 09 26 48 40 June. OL. 10 1 H 
' goo os 03 54 45 Jah. os 166 <Y 
1000 6 11 o 50 | Auguſt. o 4 26 19 
. 0 22 ol 40 | | Sepremb. 02 21 21 07 
3800 o7 03 02 03 | Odober. [o2 28 04 23 
4000 - [OI 14 02 53 [Novemb. [oz 15 59 16 
5000 [Oo 25 03 43 | Decemb. lo) 21 42 30 
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5: 8 -# n 0! 00 VP ear FER WH. 4 
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903 19 43 oo 94 34 18 19 

12404 ot $4 27 [10 [o 4 46 20 

1104 14 5 53[11 [o 35 15141] 20 

1204 26 17 2012106 os 434221 

1305 os 28 47113106 36 1214321 

14405 20 40 131407 o6 41 22 
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20 [09 03 48 53 2010 OZ 32 24 23 
2 08 16 oo 20 21110 40 01 25 54 
2208 28 11 4722811 10 30 26 24 
2309 10 23 1223211 40 5853126 55 
24J09 22 34 4024/12 11 27 27 25 45 
2510 04 46 0725 [12 41 55 27 56 
26110 16 57 23326112 12 24 28 26 
27110 29 og 802712 42 53 28 44 
28111 11 20 2728014 13 21 29 27 40 
29131 23 31 532914 43 50 29 58 08 
32]00- 05 42 20030 [15 14 19] 60] 30 28 27 
31180 17 54 47 Ir Leap-Tears after Feb. add a Day 10 
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TABLE of the Mean Motion of the largeſt 
of Saturn's Secondary Planets from the 25 
Star of Aries. | 


Place of DE Mean 
Planet. >| Motion. 
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s oO fleſs o ! 

1641008 29 17] i 20 36 

1661110 14 10 2109 11 1- 
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174 4 13 42] 604 26 11 


OO O01 111 01 45 
Febr. 11 Og 53112110 14 56 
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122 24 75 05 32 
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| 1506 16 44 
5 19 0711605 29 54 
4 06 26117104 20 30 
18/02 11 O06 
Sept. O2 26 1219/02 01 42 
Ko. 1 12 31 2001 14 $3 
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＋ Ty 14 2305 Og 16 
| | | 240 OL 51 
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20,07 17 oof? 
—— | 220 09 35127 1755 38 
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The Declination of the Points of S A ru xs 
Ecliptick from its Equator, or Ring. 


8 8 TO >| 
08 I'm 5 | 
SS, [Declination, Y |Declination, . | Declination, 
FS |. at. 1 all» | 
23 8 7 . 6 

1 00 31 31 is 29 G1 26 46 

2 | on 02 a. 62 27 02 

3 101 23 . 63 | 27 18 

41 02 04 34 16 44 64 27 34 
er 
*r iS OZ O5 36 17 27 66 28 05 

03 36 37 18 03 67 28 19 
; 04 07 38 18 29 68 | 28 232 
9 | 04 38 | 39 | 18 55 | 69 | 28 45 
10 Og 08 40 19 20 70 28 57 
11 O05 39 41 19 45 71 29 09 
1206 og | 42 20 09 72 29. 20 
12 O06 39 43 [3 0: .' 33 73 29. 30 
14 | 07 og | 44 | 20 57 | 74 29 40 
is | o7 39 | 45 | 21 21 L 75, | 22 30 
16 | 08 og ORE Ea © £5 
17 | 08 39 | 47 | 22 07 | 77 | 30 o7 
18 Og Og 48 22 30 78 30 14 
19 | og 39 49 .| 22 52 79 230- 22: 
20 | 10 08 q0 | 29 34 80 | 30 28 
l 30 34 
22 IT O7 52 23 56 82 30 39 
2311 36 | 53 | 24 17 | 83 30 44 
24 | 12 5 | 54 | 24 37 4 | 30 48 
25 | 12 34 | 55 _24 57 | 35 | 39 52 
26 | 23 03-| $6 |. 25 16 | 86 39 55 
271 331 38-1 57 | 25: 35. | %7 3-3 97 
26 | 13 59 | 538 | 25 53 | 88. ] 20 $58 
29 14 27 | 59 | 25 11 | 8 | 30 59 
207 14! «<1. 60 26 29 go { 31.00 
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Erocna of the Revolutions of the 
neareſt of JuvrrTxz R's Secondary Planets, 
to Jo r1TteRk's Shadow, for the Meridian 


| : : HE HS: 
Carrey Tolls] -D. H. / Numb. I. Numb. II. 
an Tears, |} - 5 

jp 1660 do 11 of 48 968 | 200, 6 
I! 6 00 - 17 24 1174 | . 181,2 
1 62 OI 7 1381 162,9 
1 63 Qt 4 Og 12 1587 [143,5 

* 16854. | Or 28 49 24 | 1794 125,1 
* 65 * 23 01 O | 2000 105,7 
14 66 13 12 3686 2206 86,4 
Mi 75 100 03 24 12 |. 2412: 67,0 
[it EF 1 << a'tas..24 F. in7y 48,6 
| # 1669 00 02 8 OO — 239 29,2 
f eren 5 a» 10, 9 
N *« e 790. |... 216,9 
11 „„ J= £9.48 ob 997 198, 5 
1 * 2 22 59 36 | 1203 [179,1 
11 74 G 14. 11 12 [ 1409 15957 
bt | . E 04 22 48 1615 140, 3 
4 3 00 13 03 OO 1822 121,9 
i 77 % 03 14 36 | 2028 | 102,5 
n | 78 Ol 11 54, 48 2235 5 5 84,1 
11 K n 64,7 
1 80 OIL 10 46 26 | 200 46,4 
14 | 81- [0 O 38 12 |, 406 27,0 
1 | | 82 OO 15 25 48 | 612 7,6 
1 | 83 | oo oi 21 24 | $18 213,6 
! 18684 00 14 82 36 L 1025 196,3 
i | jo, 06. 33.12 | r23t. [© 2769 
14 88 | or. 12 33 24 [1438 157,5 
1 9 | Ox 03 5 o | 1644, [138,17 
48 88= -} on in” 45, 12 1851 [119,7 
| 1689 = a: I." —5 — 205710, 
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A TABLE of the Revolutions of the neareſt 
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7.-0n 44 0_<_4Grj22..49 Ul 209.397 
8 20 23 0 5| $5,21[22 02 18 oof 30 30,8 
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15 03 24] ig] 19,620 15 27 Oo 
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o4 OO 306] 21] 21,624 o4 24 12 
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05 55 oo! 25) 25,731 o6 18 36 


— 


OAO As 0 


ot wt 


| 
| 
4 
| 

| 


Aftronomical Tables. 


49 


— 


* 


A TABL E of the Revolutions of the neareſt 
of JupiTE R's Secondary Planets in a 


YEAR. 
APRIT. £ | Ma v. 8 8 
; S L 
RA — r 
D. H. „ n 
o 06 18 36 F 51914 12 13 36 76 76,4 
2 00 47 12 | 52,9 16 O06 42 12| 77 77,4 
3 19 15 48 53,9 18 O1 10 48 | 781 78,4 
5 13 44 24 54,9119 19 39 24 79] 7933 
7 O8 13 oo 55,g9||21 14 08 2280 80,3 
9 O2 41 36 569 23 08 36 36] 81] 87,3 
10 21 10 12 57925 3 05 12 82] 82,3 
[12 15 38 48 58,925 21 33 43] 83] 83,3 
14 10 07 24 59,928 16 02 24 84] 84,2 
16 04 36 oo 60,830 10 31 CO] 55 8572 
17 23 04 36 61,8 . 
19 17 33 12 6258 JUNE. 
21 12 O1 48 635,8 
23 06 30 24 64,8]] 4 59 36 4 ab 
25 00 59 oo[ 65| 557 [(: 33 2% T2157] 9751 
2 19 7 36 a; 12 55 43880 88,0 
30 © 4 0 | 24 48 68,6 00 12. En 
— 110 o 22 3691 90, 9 
MA v. iz 19 31 12192 919 
13 14 19 48 93] 925,9 
o 08 24 48 68] 68,6 15 —8 45 24] 94] 93,8 
2 02 53 24 69 69,6]|17 03 17 Oo] g5| 94,8 
3 21 22 0 70] 70, 618 21 45 36] g6| 95,7 
5 15 50 367 71,6]|20 16 14 12] 97] 96,7 
7_10 ig 12] 72] 72,5||22 10 42 48] 98] 97,7 
5 04 47 48 73] 73,51] 24 05 11 24] 99 98,6 
lo 23 16 24 74] 74,5]|25 23 42 tog 99,08 
- 17 45 oo 75| 75,527 18 08 36 2 100,6 
12 13 361 76 76,4 | 29 12 37 1211021101, 5 | 
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[A TABLE of the Revolutions of the neareſt 
of Jour irE R's Secondary Planets in a 
YEAR. 
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133 

134 

125 


| II n, 


—— N — 


10 03 28 4$|108]107,3]| 23 09 23 48 
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A TABLE of the Revolutions of the neareſt 
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I | the the fir(t Star of Aries. [Nerth Indlination | from th the Sun. 
0; 6 OBASL LOGARITHM. 
o | 4 04 22 12 1 40 og |. 5.967789 
11 4565 25 18 Yew 11 5.968191 
2 4 06 28 18 1 44 11 5.968595 
34. 07 31 09 1; 46 08 [3969003 
4] 4 08 33 54 1 48 03 5.969412 
2 29. 35, 1 [1 49 56 | _ 5-969825 
6| 4 10 39 02 I 51 46 5+970240 
7] 4 11 41 25 I 53 34 [3.970657 
8 4 12 43 40 I 55 29 5.971076 
91 4 13 45 30 I 57 82 3.971496 
10 4 14 47 51 1 58 42 5.971918 
114 15 49 46 2 00 20 5-97 2343 
i424 1,06 161 34 23 2 01 56 3.972768 
134 4. 17 $3 12 2 03 29 5.973194 
144 4 18 54 44 2 04 59 $+97 3621 
15 4 19 58 10 1 5.974050 
16 4, 20 57 27 S; OF. 34 5-974450 
171 4 210 58 38 2 O09 14 5.974910 
18 4 22 59 42 2 10 34 5975341 
19 4. 24 0 3 „ 5.975771 
0 26 Ons 27 2 14.06 3.87623 
21 4 26 Oo 08 2 14 18 5576635 
22 | 4 27, O02 42 2 15 27 $+97 7007 
23 | 4 28 03 og 2. 16 34 5.977498 
24 | 4 29 03 r 3.977930 
25 | . 0 03 41 2 39 5.978361 
26 | 5 Ox 03. 46 21 IJ 38 5.978792 
27 5 92, 03 45 2 20 24 [3.979222 
284 0202 3g 2121 27 5.979651 
29 | 5 4 03 19 2: 22. 18 [5.980080 
30 | 5 05 02 56 2. 23 06 [ 5.980507 
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[A TABLE of SATURN Heliocentrick 


PLACE. 
5 _ 9. 
5 The Dift of Saturn fr. — Diſtance 
| & | the firſt Star of 1 Al. [North Inclination | from ibe Sun. 
s 0 3 . | LocakiTHw, 
o | 5 05: 02 56 [2 23 06 | 5.980507 
1 | 5 06 o2 27 | 2 23 32 3.567570 
2| 5 97 o 50 2 24 34 9813 
3 5 o8 OI os 2 25 14 5.981789 
41 5 09 oO 14 2 24 $2 1 — 
5 |_5 9 59 15 |_2 26 27 |_ 5.982627 _ 
6| 5 10 58 10 2 26' 39 5.983046 
71 5 11 56 58 2 27 28 5.983463 
$] 5 12 55 40 2 27 55 5983879 
91 5 13 54 15 2 25 19 5984293 
10 E 14 52 43 [2 28 41 [ 5.984704 __ 
11 5 15 51 04 2 29 oo | 54985113 
i2| 5 16 49 19 | 2 29 16 5-985520 
13 5 17 47 28 2 29 30 5-985925 
14] 5 13 45 29 2 29 41 5 936327 
i5 | 5 19 43 25 | 2 29 49 M 54986726 _ 
20 41 13 2 29 56 5.987123 
17 5 21 38 56 2 29 59 5987517 
18 5 22 36 32 | 2 30 oo 3.987907 
198 5 23 34 03 2 29 38 5-988 296 
20 [ 5 24 31 36 2 29 54 | 3.88680 
21| 5 25 28 44 2 29 48 5.989062 | 
22| 5 26 25 57 2 29 39 5.989439 
237 $<27 + 23 02 2; 29 27 5.989814 
244 5 28 20 01 2 29 13 [5.990186 
25| 5 _29 16 56 |__2 28 57 2.88052 
26| 6 00. 13 45 2 28 38 | 5.990917 
27 | 6 o 10 27 2 28 17 5.991278 
e 02 07 94 2 27 54 5.991634 
29 | 6::03; 02 36 [2 27 28 5.991986 
30 | 6 :04' 00 O02 | 2 27 0 5+992335 
_ A TABLE 
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A TABLE of S ATU RNS Heliocentrick 

PLACE 
24 TY 
| 8 816M 10. 
The Diſt. of Saturn fr. E Diſtance 
. the 1775 Star of Aries. North Inclination from tbe Sun. 
1 _ — Wn 
ols-o ff ff fo f | | LoGaRITHM. 
06 G4 oo O | 2 27 0. 5.992335 
16 04 56 23 2 26 29 | 5.992680 
2 6 O5 52 39 2 25 56 5.993021 
316 06 48 48 2 24 - 21 5-993357 
4| 6 O 44 53 2 24 44 5.993688 
516 08 40 34 [2 24 94. 5.994016 
66 og 36 48 2 22 223 5.994328 
7 6 10 32 39 2 22 20 5.994656 
6 11 28 24 2 21 52 5.994970 
91 6 12 24 4 [ 2 21 03 5.995278 
10 6 12 12 39 2 20 13 [3.22182 
11] 6 14 15 09 2 19 20 5.995882 
121 6 15 10 36 2 18 2 5.996177 
1386 16 05 38 2 17 2 5.996466 
14 | 6 17 11 16 2 16.9 5.996751 
15 176 29 2 16 28 5.997031 
16 | 6 18 51 38 2 14 26 5.997305 
171 6 19 46 43 2113 © 5.997574 
181 6 20 41 43 2 12 12 5.997838 
19 6 21 36 40 2 11 Og 5.998096 
20 [ 22 31 34 | 2 99. 53 [28250 
211 6 23 26 2 2 08 41 5.998598 
22 6 24 21 0 2 07 26 | 3.998840 
22 | 6. 25 15 50 2 06 10 | 3.999076 
24 | 6 26 10 29 2 O4 51 5.999308 
25| 6 27 05 04 | 2 03 31 $-999533__ 
26 | 6. 27 59 34 2 O2 O9 5.999753 
276 28 54 oz | 2 00 46 5.999968 
28 6 29 48 28 1 59 20 6.000176 
29 | 7.00 42 50 1 7 72 6.000379 
30 | 7 01 37 10 1 56 24 6.000575 
A TABLE\ 
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— — — — 
| A TABLE of S ATU R Ns Heliocentrick 
| PAC R. 
| _ PO T p* 1 > 
S1GN II. 
| (The Diſt. ef Saturn 771 | . - | Curt Diſtance 
S | thefirſt Star of Aries. | orgy ee from the Sun, 
"1 EE LARA I Locaritaw, 
FEY "OL; 37 2:10 © s I 56 24 6.000575 
7 o2 ᷣ 31 26 1 54 54 6.000767 
7 03, 25 39 CEOS - 6.000951 
7 4 19 50 1 51 48 6.001131 
2 13 5 21 50 13 6.00 1304 
2 06 8 4 | 1 48 35 | 6.001472 
7 C 02:07 1 46 57 [6.001632 
7 o 56 07 I; 45 17 [ 6.001787 
7. 08 50 ©6 I: 43 36 6.001936 
7 09 44 03 1 41 53 6.002079 
| el 1 40 09 |; 6.002216 
| 7-711! 21.49 1 38 23 [6.002345 
\ 7 12 25 40' 1 36 36 | 6.002470 
| 7 13 19 28 [1 34 47 6.002588 
0 7-714 13 14 i 32 58 | 5.002698 
i 2 15 07 oOo | 1 31 07 | 6.002803 
"Io R. 161 00: 44 [|= 1 29 14 6.002902 
N 7 16 54 26 | 1 27 20 [6.001994 
g . 17 46: o8: j=- 1 25 25 6.003081 
P; 18 41 48 1 29 29 6.003160 
ö Ein. 
1 7 20 29 Og 2 1 19 34 6.003301 
Is 7--*21, 22 41 [1 17 34 [6.003360 
22 16 17 1 T5 33 6.002414 
0 7 23. 09 52 1 12 31 ][ 6.003462 
| 7-24 03 26 [1 11 29 6.003502 
7 24 57 co | 1 og 25 6.003536 
7 25 ᷣ 50-33 [1 07 20 6.003505 
7 26 44 o I O5 14 6.003585 
7 27 37 40 1 03 07 6.003000 
7 28 31 132 1 01 ©0 6.003608 
d n K 3 
1.4 A TABLE 
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69 
A TABLE of ae f bi, s Mean Motion from his Aphelion. | 
Car. Tears) The Anomaly of | | Con of | Compleat } The Motion of the 
of Chriſt. Jupiter, Tears, | Anomab., 
Fr EF as 2 1 } 5 | 
1 [oo 13 54 301 1 Jo oo 19 44 
1501 05 23 17 oo 2 2 0 239 27 
1581 26 15 oo 3 j23 00 59 11 
1601 [11 OZ 14 30 4 4 1 23 $54 
1621 [10 14 [ 5 105 of 43 38 
1641 0 17 13 30 6. ſos 02 03 21 
1661 [11 24 13 00 7 [97 o 23 O5 
1681 [08 01 12 30 8 ſos o2 47 48 
1701 [94 08 12 oo 9 199 03 o7 32 
1721 J 15 11 30f| 10 j10. 03 27 15; 
1741 O08 22 11 OO II 11 03 46 59 
1761 [04 29 10 30 12 [o O4 11 42 
1781 [ol 06 10 00 13 lol o 31 26 
1801 [09 13 9 30 14 Jo2 c4 51 cg; 
1901 [02 18 % o 15 [03 o5 10 53 
e 16, [04 5 35 36 
Tears. | Mor. of the Anon. an O05 5 $55 2 
20 O8 o6 © 15 os 06 15 03 
40 [04 13 — — 19 so? 06 34 47 | 
60 8 20 58 30 25 los 06 59 20 
80 [os 27 58, 00 .0 k 
100 J 04 57 30% | rm | as 7 1 
7 110. 60 36 oof. Df LS. 
300 | 03 14 52 30 January. CO 00 00 
400 [08 19 50 00] | February. o2 34 32 
500 [Or 24 47 30] | Merch, O04 54 Og 
600 106 29 45 00 April. __ 07 28 42 
7 [00 o4 42 20 | May. og 58 16 
800 [os og 40 00 June, 12 32 49 
900 10 14 37 30] | Fuly, 15 02 23 
1000 o 19 35 o Auguſt, | 12 36 36 
2000 [2 O9 10 CO] | Septemb. 20 11 29 
3000 10 28 45 OO] |Ottober. 22 41 03 
4000 oz 18 20 o |Novemb. | 25 15 37 
5000 os 07, 55 o [Decemb. | 27 45 11 
6000 Jog 27 30 00 | 8 EDN 
In Leap - Lars after February add a 55 to ile Time given, 
and its Motion to the reſt, 
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A T ABLE of JUPITER 's Mean Motion from his Selin. 


1 


>| Abt: o of the Anom, "Motion of the Motion of the 
N. 3 Anomaly, | | Anomaly. 
| oo 04 55 | # me a AER Lo op 
oo og 88 [ff WT] nm 
31 O0 14 57 1] oo 12 [31 o6 26 
41 o 19 57 2 00 25 32 06 39 
51 oo 24 56 3 00 37 133] 00 51 
00. 29 4] oo 50 34 07 oa 
71 oO 34 34 F 
ene. 
91 OO 44 52 II 17 7 
10] 0 49 51 8 ot 40 38] 07 54 
111 O0 54 50 go] o 52 39] 8 o6 
124 oo 59 50 [io o2 os 140] 08 19 
13] or 04 49 [ix] 2 17 [qil 08 31 
144 0 09 48 12] o 30 42] 08 43 
1651 o1 14 47 13] 02 42 43] 8 56 
16] o 19 46 [14] o 54 [44] 09 08 
171 01 24 45 15 03 7 451 09 21 
18 O01 29 44 16 OZ 19 | 46 O9 33 
191 01. 34, 44 [17] 03 32 [47] ©9 46 
29] 01 39 43 [18] 03 44 [48] 92 55_ 
211 o1 44 42 [19] 3 57 1491 10 11 
22 OL 49 41 20 O4 9 50 10 23 
23 Ol 54 40 21 O4 22 5 1 10 36 
244 on 59 39 122 O4 34 52 10 48 
25 o2 4 38 123] 4 47 [53] 11 01 
26] 02 99 37 24 4 5p 411 13. 
271 o2 14 37 25 os 12 55 11 26 
28] o2 19 36 26] os 24 56 11 38 
7 - 0224 13% J#74 | 05 37 S714, ; $350 
30] o2 29 .34 28 o5 49 58 | 11 03 
31 02 34 33 29] 06 01 56 12 15 
22] 02 39 32 130 o6 14 [60] 12 28 
s o 


The Diſt. of the A rte. of J fr. the firſt * of FT. 5 Og 50 0 


— —”—— 2 
q 9 KK EI 


n 


The Diſt. of of Y from the firſt * of 7.— 2 088 000 
Inclination of the Ocb of xX. — 0 20 0 
Mean Dillance of V from the @.= 520110 
Eccentricity. — — — — — 25050 
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IA TABLE Of JU PITE R's Heliocentrick 
Ar 
— — * —— 
5 | | 
8 S1 GN o. 
—_ — rr rn nmn—_— —— 
x [The Diſt. of Jupiter fr. . \.. 1Cart Diſtance 
O the 2 t Star Zo Aries Nerth ef from the Sun. 
7 ED | _o f/ I | LocariTam. 
"ol. 2 I 19 8 | __5:736406 _ 
1 5 10 44 36 |' 1, 19 55 ee 
2 5 11 39 10 | 1 19 51 6.736295 
17 12 + ihe 1 19 45. [6.736381 
4] 5 13 28 18 1 19 38 9 
LES: 147 235 09. IE RR 
64 5-15, 17+ 28 I, 19 21 5.736308 
75 16! 12 04 11 19 11 5.736273 
17 he 40 I; 187 59 5736231 
9] 5. 180 01 17 1; 18- 47 5.736185 
10 5 18 4 34 1 18 33 2726134 
1115 61, 507 32 1: 18 18 54736076 | 
12] 5 20 45 1It 1 18 02 5.736014 
iz] 5 27 39 52 | 1, 17+ 44 3735947 
T $5: 2A 34 33 1, 17 20 5735872 
43. 4K A. 1 17 06 [__5-735795 | 
i6| 5 24 23 59 | 1} 16 45 $+735710 | 
17] 5 — 18 44 1 16 23 5.735621 
85 26 13 30 1 15 59 5.735526 
19] 5 27 08 18 [1 15 35 5.735426 
e 
TY 5 28 57 59 | 1 14 42 | 5.735210 
22.] 5 29 52 52 I 14 14 54735994 F 
23] 6 od 47 46 | 13 45 | 54734973 | 
24 | 6 OL 42 43 1 13 13 5.734846 
24 6 02 27 4% [ 1 12 44 | 5.724714 » 
26 6 03 32 41 1 5747 | 
127] 6' 04 27 43 . 4 
28 6 oj 42 47 1 14. 02 547 34239 
eo ES. 5.734137 
es o7 1 04 | 1 0% 3 | 3.732 
1 * F 2 A TABLE 
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ATA BLE of JUP ITE R's Heliocentrick 


PLACE. 
"E 0 — — — — = — — 
8 | S1GN 1. 
> [The Diſt. f Jupiter fr. S pe: *. Curt Diftance 
2 | the 2. S of per fr | North Indlination| from the Sun, 
Nl o ff 9: | LoGaRITHM 
0 . E n 1 09 [ 5.733980 
1 6 08 8 15, | x 0 11 | 5.732818 
2 6 09 03 39, | 1 8 32 | 6.73352 
31] $ 09 58: 46 | 1, 07, 52 | $5.733479 
4 6 10 54 o | 1 07. 10 [5.733302 
51-6 11 49 28 1 O06 28 _ $-733120 | 
6] 6. 12 44 521 05+ 44: | 3.732924 
716 13 40 20; |; 1 03 00; [-: 5.732741 
8] 6 14 35 52 |- 1 04, 14 1-: 5.732545 
916 145 31 26 1 03; 27 |. . 55732344 
104 6 16 27 03 1 1 O2 39. $7321.30 
11 6 17 22: 43 [1 08. 5. | 5.73199 
| 324.6. 18 18 26 |, 1 08, 1 73171 
12 6 19 14 14, |; © OO, 10 5.721492 
14 6 20 10 4 o 59 18 |} 5.731268 
14.5 21 05 58 | o 53 25 | 1.731099 
36,5 22 01: 55: |, © 57> 31» | 573987 
| 17 6 22 57. 56 o 56. 36; | 5.73050 
8 65 23 54. „ [ © 55: 4 | 3.730327 
9 6 - 24 50- 09: oO 54 5.730081 
1226 25 46. 42 239831 
[eig 6 26 42 38 [ © 52 5.729570 
22 6 27 38 37 |. © 51 5.729318 
234 6 28 35 21 |; © $0 7 
a 244 6. 29 31 50 |; © 49. 5.7287 
2547 co 28 23 o 48. 3.728017 
1 — — — . — - 
26 7..01, 25; 0 |, 47 6.728243 
22 7 o 2 44 © 5.727955 
'| 28]. 7. 03/18, 26 © 3927585 
N 29 7 O04 > i; | © 5.727397 
20 7 05. 12 10 y O © $4727106 | 
LG AT A TABLE 
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A TABL E of FUPITER's Heliocentrick 


11 
5 5 =" | 
8 SIGN 2. * 
R 
2 be firſt Sta Star F Arles, | oP from the Sun. 
"o Ns 7 #14 #9 ©; WM LOGARITHM. 
N. Os 12 10 [42 -2S +1. 5.727 
1 7 06 og 10 0 42 13 | 5.726813 
2| 7 7 06 14 o 41 5 | $+726517 
gi 7 O8 03 22 O 39 56 5.726216 ( 
4| 7 299 oo 36 © 38 47 | $+725912 
Chef 09; $7258" 1_©Q 37 36, | _$+725607 
7| 7 11 52 45 D 35 14 5.724983 
8.1 7 12 50017 O 34 Ol 5.724667 
9 7 13 47 56 O 33 48 5.724348 
10 |. 7. _14 45 39 o_31 34 |__5-724926 
11 7 15 43 28 o 39.20 | 5733700 
12 7 16 41 21 o 29 05 5.723372 
97 17 29 19 o 27 49 5.723043 
7 22 o 26 33 |; 3. 72099 
eren 25 18 2222373 
16 7 20 33 48 o 23 59 | 3722035 
17 7 21 32 08 oO 22 41 5.721696 
181 7 22 30 24 9 $$ 0 5.721354 
19 7 23 29 06 o 20 03 5.721009 
20 7 24 27 42 | 0 13 44 [720882 
1 7 25 26 26 8 17 24 5.720312 
221 7 26 25 14 o 16 O4 5.719962 
23] 7 27 24 09 o 14 43 5.719610 
24] 7 28 23 09 o 13 22 | 3.719256 
25 [ 7 29 22 14 o 12 00 | 5.718900 
268 OO 21 20 Oo 10 39 | 5.718542 
27| 8 o 20 43 o O9 16 5.718184 
28 8 2 20 07 o O7 54 5.717825 
29 & 03 19 36 oO 06 31 5.717463 
30 8 o4 19 11 o Og * II. 
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A TABLE of JU P ITE Rs Heliocentrick 
PLAaCH * 
S | 
8 S1 GN 3. 
8 The Dit of Jupiter fr. 1 |Cuit Diſtance 
S | the firſt of J of A ie fre 4 | North Inclination ' from the Sun, 
7 S Fm o 1 | LOGARITHM. 
of 8 04 19 11 o oO5 o8 | 5.717101 
- £78 oO; ; iÞ! 52 o O3 45 5.716738 
21 8 06. 18 39 o O2 22 [65716374 
38 07 18 32 o 00.59 5.716009 
| 4 } 8 o8 18 32 South 00 26 $.715644 
$7 T6. _og 18 37 — 1 50 | 5.715278 
6] 8 10 18 49 [0 03 14 5.714911 
71 8 11 19 06 o O4 38 ] 5.714545 
8 8 12 19 30 O 86 02 5.714177 
9 8. 12 20 0 O 07 26 5.713809 
10] 8 14 20 36 |_2 88 0 | 5.713443 
118 15 21 18 O 10 15 5.713076 
188 16 22 06 O 11 39 $+712710 
131 8 17 23>0L O 13 03 5712342 
14 8 18 24 2 [0 14 27 | 5.711976 
15 | 8 19 23 og 2 15 50 [ 5.711611 _ 
161 8 20 26 22 O 17 14 5711248 
19 8 21 27 41 o 18 38 5.710884 
18 8 22 29 06 O 20 On 5.710521 
191 8 23 30 38 Oo 21 24 5.710159 
20 8 24 32 15 oO 22 47 | __5-709798_ 
21| 8 25 34 00 o 24 og  $:709439 
26 35 30 0: 26 31 5.709081 
23 8 27 37 46 O 26 53 3708725 
24 | 8 28 39 48 O 28 14 5.708371 
25] 8 29 43 56 | _©_ 29' 35 |_5-708018_ 
26 | 9 00 44 11 O 30 35 5.70766 
27 9 01. 46 31 [ © 32 15 5.707319 
28, 9 02 48 58 o 33 25 | 5.706972. 
29 9 03 51 30 O 34 54 5.706629 
2) 9 04 54 09 | © 36 12 | 5.706257 
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A TABLE of FUPITERs Heliocentrich 


— 


| 


PLACE. 
8 SIGN 4. 3 
8 The Diſt. of Jupiter fr. ——— —_—_— Diſtance 
I | thefirſt Star of Aries. South Inclinatio "| fromthe Sun. 
oj» o !-! } o T_ --+ Locantam 
o|_9 04 54 % | 2 36 12 __$.706287 | 
x] 9. 05 56 53 0-37, 54705945 
2| 9 06 59 43 o 38 47 5.705611 
2| 9 08 02 39 o 40 04 5.705278 
£3.59 - 09: OO: 42 O 41 19 5.704948 
10 08 48 © 4&4 34 5.704620 
TA 9-21 "22-0 o 43 49 5704296 
T9. 123 13. T9 O 45 O2 5703977 
$8] 9 13 18 44 oO 46 15 5+70365 
919 14 22 14 O 47 27 5703344 
10 . 15 25 49 [ 43 38 [ 5.703034 
119 16 29 30 o 49 48 5.702727 
12 9 17 33 16 oO 50 57 54702424 | 
13 9 18 37 97 o 52 05 5+702126 
14 | 9 19 41 04 a 43 38 5.701832 
15 0 8 n 21 
161 9 21 49 13 o 5701257 
171 9 22 53 24 o 56 28 5.700974 
18] 9 23 57 41 O 57 31 5+700698 
e O 58 33 5700427 
20 9 26 06 29 | o 59 33 5.700160 
219 27 11 Ol 1 OO 33 5.599899 
ne 1 OL 31 5.699642 
231 9 29 20 17 1 n 26 5.699391 
24 10 00 25 02 e on 5.699145 
2510 Ol 29 52 1 04 19 3.98904 
26 | 10 02 34 45 I 
67.1 30 ON 239 41 1 
28 | 10 4 44 44 1 
29 | 10 05 49 49 * 
30 10 06 54 38 T 
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14 TABLE of FUPITE Rs Heliocentrick 
PLACE, 
3 8 IGN 5. F 
1 I The Diſt. of Jupiter fr. | courb Inclination. Curt Diſtance 
$ | the firſt Star of Aries. I from the Sun, 
2" N 7 LOGARITHM. 
010 06 54 58 [ 1 08 31 | 5.697786 
110 08 00 12 1 Og 17 5.6975 80 
2 1 10 og. os. 28 [1 w 02 5.697380 
310 10 10 49 111 5.697186 
ie 11. 16 13 11 5.696998 
5. 12 21 39 | 1 12 os | 5.696817 
6 | 10 13 27 10 1 12 45 | 5.696643 
7 | 10 14 32 44 1 13 24 5.596474 
810 15 38 19 1 13 59 5.696313 
9110 16 43 59 11 9—.—5 79 
110 [0 17 49 41 18 3.859 696010 _ 
11| 10 18 55 26 8-35: 38 3 1 
12 | 10 20 01 13 1 16 O6 5.695734 
13 | 10 21 07, 02 & 48-0 5.695606 
14 | 10 22 12 53 1 16 59 5.695486 
15 | 10 22 18 47 1 17 23 | 5.695372 _ 
1610 24 24 43 1 17 46 [5.695266 
17110 25 30 41 1 18 06 5.695167 
18 | 10 26 26 41 1 18 25 5.695074 
ig | 10 27 42 42 | 1 18 4 5.694989 
20 | 10 28 48 44 1 18. 5 5.694911 
— | | — — 8 — — 
21 | 10 29 54 48 I 19 12 | 5.694842 
223 | 11 OI 0 53 1 19 24 | 5.694779 
23 | 11 2 06 59 I 19 35 5694723 
24 | 11 OZ 13 06 I 19 43 5.694675 
Fr; 1 1 19 50 884534 
26 113 05 25 23 1 F.694601 
27111 06 31 33 1 19 58 6.694575 
28 | 11 07 37 42 1 20 OO 5-694555 
29 | 11 8 43 52 1 20 0 | $.694544 
20111 og 50 02 1 19 58 | 5.694540 
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A TABLE of 7UPITE Rs Heliocentrick 


— too———n—n—ca> 


PlACK 
x T7 
8 S 1G N 6. 
* The Dig. of Jupiter fr. „ Curt Diſtance 
I | the firſt Star of . — uam from the Sun. 
oa !' ff lo 1 I! "v| LoGarITHM. 
—o|1t_39_50 02 | 19 58 | 5.694540. 
ii 10 56 12 [1 19 54 |. 5-694545 
211 12 O2 22 1, 19 48 5.694556 
3| 11 13 08 31 I 19 41 | 5.694576 
4 | 11 14 14 40 I 19 32 5.694602 
54 15 20 49 | 1 19 21 5.694635 
iii 26 17 1 19 08 | 5.694677 
7111 17 33 04 1 18 32 5.694725 
8111 18 39 10 1 1 37 5.694781 
g | 11 19 45 15 I 18 19 5.694844 
10 [11 20 51 19 | 1 18 oo 5.694914 
1111 21 57 21 1 17 38 | 3.594992 
12111 23 03. 23 8; #3: 5-095077 
13111 24 9 22 I 16 51 5-095171 
14 | 11 25 15 20 1 16 24 5+095270 
15 | 1 26 21 15 2 2; 26-408 __$5-695376 
16 | 11 27 27 09 1 15 26 [5.595490 
17 | 11 28 33 ©0 I 14 55 5.695611 
18111 29 38 50 . 111 5.695738 
19 © 00 44 37 1 13 47 5-095874 
20 O 01 30 22 | 1 13. 11 | _- 5.696016 
21] © 02 56 03 1 14 33 5-696164 
22 | © 04 OI 43 1 1 43 5.696319 
22 | 0. 05 07 18 11 78: 18 5.696481 
24 | 0 06 12 52 1 10 30 5.696649 
26 0 07 18 23 8 46 _ _5-69 _5-696824 
26] 0 08 23 49 | 1 og o | 5.697005 
27 | © 09 29 13 1 08 14 5.697192 
28 | © 10 34 33 1 07 25 5-697386 
29 | © 11 39 50 1 06 35 5.697587 
2a! © 12 45 03 1 05 44 5697793 
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A TA BLE of FUPITER' Heliocentrick 


| oo ur 


PLACE. 
S1GN 7. 

TThe Diſt. of Jupiter fr. ne | Curt Diſt ſtance 
the Felt Star of Aries. hens Eg from the Sun. 
o| 8s All} CEE LOGARITHM. 

12 4503 $ £08 _ $:697793 
110 12 [ 1 04 5.598058 

21 © 18 I 03 2 
30 20 1 03 5-698447 
440 16 1 02 5˙ 598676 

51 0 og | 1 Ol _5:698911_ 

65 0 59 1 Oo 5.5591 
Ee 44 D 59 5.699399 
814 © 24 o 58 5.699650 
e 59 9 8 5.599906 

000 31 2 56 3.290167 

9 57 DO 54 56 5.700435 

O 19 o 53 50 5.700706 

2 36 o 52 44 5.700982 

o 46 0 31 30 5.701264 

[dun W270: 10:87 57201549 

© 38 55 þ © 49 5.701839 

1 O2 52 o 48 os 5702133 

1 O06 43 o 46 54 5.702432 

1 10 29 o 45 41 5.702735 

1 10 | © 44 28 5.703041 

1 45 oO 43 5.703351 

1 15 O 41 5.703665 

& 40 O 40 43 5.703982 

1 58 O: 29 26 5.704302 

=. 10 o 38 og 5.704626 

I i7 | ©. 36 54704954 

1 8 227 5˙705284 

1 14 O 34 54705617 

I os 0 32 | 54705954 

1 49 0 31 34 816 o 
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A TABLE of FUPITE R's Heliocentrick 


A TABLE 


PLACE, 
8 
8 S1 GN. 8. , | 
N | X — 
2 |The Diſt. of Jupiter fr. + =.» | Curt "Diſtance 
I ep ar of / — South Inclination from the Sun. 
7 ' o f I! | LogariTHM. 
3 iE 45 49 [ 31 34 [ 706293 
111 15 48 28 | o 30 13 5.706634 
& 161 + 00 O 28 52 5.706978 
3. 352 26 o 22 31 5707324 
T-jX-2z8 55 46 0 26 og 5.707672 
3. x 19 58 oo [ o 24 46 [ 3.208023 
6] 1 21 O og | o 23 23 (5.708376 
er 22 o 11 o 22 O0 J 5.708729 
8 1 232 04 O7 o 20 37 | 5.709085 
9 1. 24 05 57 O 19 13 5.709443 
101 25 O07 41 o 17 49 (U 709820 
1 26 09 18 O 16 25 5.710162 
1 27 10 2 O 15 OI 5.7105 24 
1 28 12 oO: 19 27 5.710887 
1 29 13 7 0; 19- 12” 5.711250 
2 00 14 4 O 10 48 | 5.711614 
0 15 54 o og 22 [5.711978 
2 2 16 56 o O7 58 5.712344 
4 03 17 751 o 6 34 5.712711 
ai 18” 39 o O5 09 5.713078 
2 283 19 21 292223444 
2 06 19 57 o O2 20 5.713810 
2 07 20 27 2 ©; 00 54 5.714178 
2 08 20 51 [North oo 29 5.714545 
2 cg 21 08 0 of 59 5714911 
iel 21 20 [. 0 03 17 5.715278 
. 11 21 25: [© 0: 04 46 5715644 
212 21 25 o 06 © 5.716008 
213 21 18 07 QF 9 5.716373 
2 14 21 05 o 08 51 5.716737 
2 15 20 46 O a 14- FE 
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A TABLE of FUPITER' Heliocentrick| 
nen. 
8 — = 
8 S 16G N 9. 
N 5 
8 |The Diſt. of Jupiter fr. . - | Curt Diſtance 
.T | the 2 2 == 2 . A from the Sun, 
o | no # TC] LocakiTHM. 
oO | 2 15 20 4 o 10 14 3.217992 
11 2 > 16 20 21 |. 11 36 | 5.717462 
2| 2 17 19 50 oO 12 58 5.717823 
31 2. 28 19 14 o 14 20 5.718182 
41 2 19 18 231 o 15 41 5.718540 
een ese 17 02 28898 
62 21 16 49 [ o 18 23 | 5.719253 
7] 2 22 15 49 o 19 43 [5.719607 
88 2 23 14 43 8 22 02 5.719959 
nnr fo ©; 23: 22 5.720309 
10 2 25 12 14 o 23 40 - $.720658 
11 2 26 10 52 | O 24 58. 5.721005 
12 2 27 09 23 o 26 15 [3.721349 
13] 2 28 07 49 8 289 5.721691 
14] 2 29 6 og | o 28 48 5.722031 
15 2. 00 04 24 o 30 O4 222358 
$64::3.-01:. 02: 34 | ©: 31 19 5.722704 
17 3 o2 oo 38 o 32 33 7223035 
18 3 02 58 37 O 33 47 54723307 
19 3 03 36 30 oO 35 0 |. 5.723694 
20 | 3 4 54 19 | © 36 12 54724020 
21] 3 05 52 02 oO 37 24 5.724342 
22 3 6 49 40 o 38 35 | $5-724661 
23 3 07 47 13 o 39 45 | 5.724977 
24 3 08 44 41 oO 40 54 5725290 
eee. 
26 3 10 39 23 o 43 10 7 
2 n o 44 17 5.7262 | 
28 3 12 33 45 O 45 23 | 5726510 | 
29 | 3 13 30 49 o 46 29 5.726806 
30 | 3 14 27 42 O 47 33 5. 227099 | 
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A TABLE of FU PTITE Rs Heliocentrick 


PLACE, 
|S 
D $1 6G N. 10. 
| = [The Diſt. of Jupiter fr. 7 4Curt Diſtance 
| & | the firſt A Aries, Nen Lee, fs Sam. 
ore [| Locaritym. 
[oj 3.14 27 49 |_2 47 33 |_ 5727999 
| 3.15 24 42 | © 48 37 | 4.727390 
2 3 16 21 33 | 2 49 39 | 3727675 
| 3] 3.27 18 18 |, 50 41 | 5.727958 
n 25; Þ D 51 42 [6.728236 
. 2. 19 11, 36 | © 32 42 | 3.728310 
6] 3. 20 08, og |; ©, 53 41 5.728781 
7] 3 21 04 38 | 54 39 [3.729047 
8] 3 22 O1 O2 O. 55 36 |. J5.729310 
[| »9} 3 + 22 77 22 oO 56, 32 [3729168 
30 3 22 53_35 oO 57_27 729823 
11 3 24 49 51 o 58 21 [3730073 
124 3 25 45 59 0, 59 14 [3.730320 
243 — 42 4 1 00. 65 230855 
14 27 38 06 1 00 58: 3130 | 
15 | 3 2d 34 03 1. Ot: 43 [--5-731032 | 
16 [3 29 29 57, f 1 02, 37 25.731261 
174 0 ¶25 479, | 7 2 25 [6721485 
18 4 OF 21. 34 I 04 12 5.731705 
19 4 02 17 18 1 04 38 5.731920 
20 2 12 38 | 1 05 43 7321322 
21 4, 04 8 35 | 1. 06. 26 323233223 
1224 05 04 10 4 07 09 5732638 
231 4: 05 59. 41 1 07 51 [3732724 | 
'| 24] 4 06 55 8 1 08 31 5232927 
251 4 o 50 34 |þ 1 09 11 [CAB 
erer 4s 56: | © Op: 49: 37% 
27 | 4- 099 41 16 1 10 26 $+733473 | 
28 | 4 19 36 33. 1 11 O2 5.733645 
29 4 11 31 47 1 11 37 | 3733812 
E 4 12 26 38 1 12 11 54733974 
; | — 
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A TABLE of FO PIT ERS Heliocentrick 
PTA E. 
18 
8 'S 10 M II. 
| Fd 7 Diſt. of Jupiter fre f ek 7 Bret 
"I | the 'firſs N Star of Aries. | Nip nat] "from the Sun, 
r Ie 122 3 La 
N 4 12 26 58 1 12 11 5733974 _ 
eis 22 % | x 12 430, 8 7815 
2 4 14 17 14 1 13 15 |-* 5.7342 
31 4 15 12 19 1 13 45 5.734436 
41 4 16 07 21 1 16 14 5.734572 
5 E 12 02 22 [1 14 42 [5.724708 
54A 1 57 20 | 1 15 og 5.734841 
74 18 52 17 Þ 1 15 35 3.734968 
84 19 47 12 | 1 16 0 . 3.735089 
9 4 20 42 04 1 16 23 3735206 
10 421 36 % [ 1 16 45 735217 
114 22 31 45 1 17 6 53.735422 
12. "23 225 | 2; xy" 26 & 5735722 
1264 24 21 19 1 17 45 3235517 
| 14 [54-725 16 O |* n 18 o {© 5346706. 
| 154: 44-226 1 48 | 1 18 18 5.735791 
166427 05 2% 1 18 23 [ 5.735870 | 
eren 44-44 
18 4 28 54 52 1 mM: ov > 5.736011 | 
1194429 49 31 | 1 19 11. Þ© 5.736074 
| 2&4-:5-:00 44 09 | 1 19 21 3.226731 
214 5 1 38 47 i 10 2 39436153 
22 5 2 33 24 i 19 38 3736229 
24 b 3. 3 28 O 1  & - 6.736271 
27 5 0 22 35 ] x 19 50. 23 
Eee e222 
| 264-55 e 45 Þ x 19 5& | 56736361 | 
4 27 55-707 06 20 | 1 19 59 5.726380 
'| 284 5-705 00 54 1 20 0 3.736394 
| 29] 5 8 55 28 1 19 59 5.736402 
nee 50 o E. 1 19 58 5.73640 
143 A TABLE 
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7 T A B LE of Mars's Mean Motion from his Aphelion. | 
Car, Tears) The Anomaly of | Compleat The Motion of the ] 
of Chriſt. Mars. Tears,  - Anomaly, | 
D | "'8' 0D FW 
i log. o2 03 36 1 o 11 16 22 
1501 ]oZ o7 33 36] 2 : 100 22 32 43 
1581 { 09 19 51 12 3 1297 03 49 os 
1601 [o 07 55 36 4 121 15 36 53 
1621 [OO 26 OO o 5 7 26 53 14 
1641 [08 14 04 24 6 ſo2 08 og 30 
166x [04 o2 o8 48 7 10S 19 25 58 
110 fit 20. 1312 8 193: 01 12 46 
1701 [o/ 08 17 36 9 09. 12 30 07 
1721 [02 26 22 Oo lo 103, 23 46 29 
1741 10 14 26 24 11 10 5 2 50 
1761 [os o 2 30 48 12 4 16 50 38 
1781 lo 20 35 12 13 410 28 07 o 
1801 jog 08 39 36 14 495.09 23 22 
1901 [ og or 36 15 11 20 39 33, 
2001 jor og 23 36 | 16 ef 02 27 31 
Tears. | Mor. of the Anom. 17 . 190-13 43 53 
20 07 18 Oc 4 24 2 N 05. 25 00 14 
60 1 24 12 12 20 18 os 241 
80 los 12 17 36 17 
ec 22 00 Common | Mot. of the Anom. 
— 2 Months. + 0 [1 77 
200 [04 00 44 00 1 —— 
300 Jo6 o 05 oo Fantary, | O00 OO OO 
400 Jos or 28 oof | February, Joo 16 14 42 
500 [10 on 50 oo | March, foi oo 355 05 
500 o o 12 00 | April. [or 17 09 47 
700 oa 02 34 00] | May. 192 02 53 03 
800 [og o2 56 oo] June. oz 19 07 45 
goo los 03 18 oo | Fly. 03' 04 51 OL 
1000 8 03 40 oof Auguſt. o 21 05 43 
2000 04 97 20 _©O] | Septemb. [o4 07 20 26 
23000 {OO 11 OO OO O leber. os 3 We 
4000 8 14 40 o Nvemb. [os 0 18 24 
5000 104, 18 20 00]:] Decemb. 19 25 01 39 
6000 51 CQ....22. OO --( 0 K + | . | 
In Leap- Nears after — ald a Day to the 2 given, 
and irs Motion to the reſt. 28 of l 
A TABLE 
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OO 
1716 08 "27 4 14 OO 18 20 44100 7 39 
* 38 


— T AB L E of MA R Ss Mean Motion from his Api 


— LIES 


'S Mor of the aun. | [Motion ef 0 f the Morton of the ”Y 
—_ eo: 1 Anomaly. | An mah. 
1 0 31 27 | Z. . A oO 7 
ons. Pie; mJ 0 2-1 
|. 34, 20 100 o1 1531 o 40 37 
4 22.05 45 | 200 o 373200 41 55 
5 22. 37 13 3100 oz 5633 00 43 14 
6] 02 08 39 400 o5 1434/00 44 33 
7 03 4 06 3 06 33133100 45 g1 
8 04 11 32 6 00 O7. 52 36 00 47 10 
| 5|. 42 59 7 og 10]37]00 48 3 
1101 3 25 81,00 10 2913800 49 47 
Lr 0 45 52 9100 11 473900 51 06 
121 06 17 18 10100 13 0614000 52 24 
13] os 48 45 1100 14 2541/0 53 43 
5144. 07 20 11 120 15 43142100 35 o 
1151 O 51 2 730 17 624300 56 20 


OO 
OO 
00 

1325 13 06 03 23 [oo 30 085301 og 26 
OO 
00 
00 


17 08 54 31 [15] 


18] 29 25 57 16 [o 20 584601 00 16 
19 0 57 24 [17 [Oo 22 16] 4701 01 34 


201 10 28 50 18 00 23 351481 2 53 


21] 11 00 17 19 [o 24 5349 [1 04 12 
| 26 12 500% 5 30 


27 315101 06 49 
28 495291 08 07 


31 2754101 10 45 
32 4555 [01 12 03 
O0 34 0415601 13 22 
0 35 2257 [01 14 40 
0 4 15 59 
31 42 ] . s6]ot 17 18 
* 16 AP og 130100 39 18 | 60 01 18 36 
N ; | 02 G23 # 
The Diſt. of the A bet. of & fr. the firſt & of V. 4 Or 12 0 
The Diſt. of Q- of & from the' firſt K of Y,—'0 19 10 0 
Inclination of the Orb of 7, — o OL 52 © 
Mean Diſtance of f. om the "©: —— 172365 
Eccentricity. — — 14100 
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A TABLE of MARYS' Heliocentrick 
PLACH. 

—E) — 
8 S1GN ©. 
A N f 
8 |The Dit. of Mars from „Curt Diſtance 
Je firſt Star of Aries, North Inclination | from the Sun. 
ZZ HCA, I Locaritam. 
© 4 01 12, Cy 49 32 5221113 
1] 4 02 O2 27 | 49 11 5.221110 
24 02 52 32 1 48 49 5.221098 
3 42: 97 I 48. 25 5.221076 
40232 42 1 48 co 5221044 
en I 47 33 5221003 
64 06 12 53 L ,475 05 5.220953 
714 07 03. o1 1 46 36 5.220894 
81 4 o7 53 os I 46 O5 5.2208 26 
9] 4 08 43 17 I 45 33 5.220748 
ee zie 5.220561 
11 4 10 23 38 I 44 24 [5.220565 
n 14 1 1 42 48 5.220460 
13] 4 12 4 o6 I !'43-+ 21 5.220345 
144 4 12 54 22 1 42 32 5.220221 | 
15]_4_ 13 44 39 11434 5.220088 
164 14 34 58 1 41 10 | 5.219946 
i714 29 25 19 I 40 27 | 5.219795 
18 | 4 16 Is 4 1205-43 5.219634 
19 4 17 06 © 1 38 57 5+219464 
hn 4.2736 _37 |: 1 [38.25  þ eb 
21 | 4 18 47 08 137 22 | 5.219097 
22 | 4 19 37 40 1136 33 5.218900 
2314 4 20 28 17 1 35 42 5.218694 
24 4 21 18 56 1 34 50 5.218478 
22 0 38 [1 33 57 5218254 
26 4 23 0 24 1 33 02 5. 218020 
1 6 23 48 _ 19 1 32. 06 5217777 
284 24 42 04 I 31 og 5.217526 
29 4 25 32 59 8:30 19 5.217267 
30 4 26 23 59 I 5216997 
G A TABLE, 
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A TABLE of M ARS's Heliocentrick 
PLA x. | 
ET 
N 8 1 u I: 
8 1 
3 e Dit. ars from | 22 urt Dil ance 
S | the firſt Star of — N-rth Inclination. hy the Sun. 
s 1 | LodARTTAHM.“ 
C.QO<L 4-20 523-30 1 5210997 
12 a. 5.216719 
2 4 28 06 og 1 27 d 5216433 
17 20 1 26 4 5.216137 
4] 4 29 48 34 11263 5.215832 
neee? 
e121 18 1 22 37 5.215197 
82 22-7 1 111 9 5.214866 
| 8 0 +03 14 2 1 20 29 3.21427 
1915 24 05 58 1 19 16 5.214179 
10 [ 5 4 37 41 1 18 06 5.213823 
11 5 05 49 29 1 5 213458 
12 $00 41 22 1 16 20 5.213084 
7 23 21 1 14 24 5.212702 
08 25 26 WE LS», 5.212312 
ei. 5211914 
16 | 5 10 og 52 1 10 30 5.211507 
17 5 11 O2 13 I 09 10 5.211092 
18] 5 11 54 41 I O7 49 5.210668 
19 3 42 1 1-700 21 5.210237 
<2} 205-55 1 04 9 5. 209798 
21 | 5 14 32 42 1 103-90 5.209351 
22 3 415 25 25 10 1 5. 208896 
231 5 46 18 35 1 00 47 5.208433 
24 nt o 59 19 5.207962 
e 
126 5 18 58 15 0 621 5. 206998 
19 5 42 o 54 50 5. 206504 
281 5 20 45 19 o 53 18 | 5. 206093 
291 5 21 39 02 Q 142 45 5.205495 
3-22 38 $27 0 5012 5.204979 
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A TABLE of MAR s's Heliocentrick 
P-LACE. 

8 8 8 + 
8 81% 2 

8 The Diſt. of Mars from . - | Curt Diſtance 
Q the the firſt Star of Aries. [North enn from the Sun. 
"MM r 55 LOGARITHM. 

oſ_5 22 32 52 [ 0 50 12 5. 204979 

15 22 26 I o 48 37 5. 204456 
2 7 26 20 47 O 47 0 5203925 

1 8 5.203388 

4] 5 26 09 34 O 43 47 5202844 

Zen 04 ee 42 og 5202292 
613 27 $53 42 oO 40 30 | 5.201734 

34.5 235 <3 29 0 38 49 5.201169 

29 25 O 37 08 5-200598 

9 6 oo 43 30 O 35 26 5.200020 
10 6 or 38 44 O 33 44 — 99426 
2 14 07 o 22 © 5. 5.198846 
06012 29 29 © 3 246 5.198 249 
0 04 24 35 0- 29 238 5.197646 
004. 21. 12 © 26 a0 5.197038 
10-00 427. 12 O 24 58 | 5.196424 . 
1 07 14 34 1 0 23-88 5195804 
1716 o8 og 41 21 2 5195178 
18 6 og os 10 9 19 34 5194546 
191 6 10 02 49 DO 17 45 5.193909 
20 | 6 10 59 38 9 16 5.193267 
2116 11 56 28 O 14 05 5.192620 
22 6 12 $53 48 © 12 14 5191969 
K 09 0 10 43 5.191313 
24 | 6 14 48 39 0 08 31 4 
2531 6 1, 46 21 | o o6 38 _$-189987 | R 
25 6 16 44 13 [0 84 45 F898 | 
27 | 6 17 42 16 0.08 42 5188644 
28 [6 18 40 29 [o oo 38 5.187966 
2986 19 38 54 [Suth oo 57 5.187285 
e 37 3t 1] o 64 «t | _5-186600 
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A TABLE of MARS's Heliocentrick 
PLACE. 
þ 8 2 "I PS 
| > [The D; | f 

2 Diſt, of Mars from  - | Curt Diſtance 

| 2 the firſt Star of Aries, [South Inclinatjon from the Sun, 
Fr 
o| 6 20 37 31 | © _— 5.186600 

1 6 21 36 18 o '04 46 | 5.185911 
23-236 37 o os 41 2 
23 34 27 o O8 37 5184325 
4] 6 24 33 48 o 10 32 5183827 
22 33 2 j_o 12 28 [ 183127 
566 26 33 o |.o 14 24 | 182424 
7 o 27: $2 09 g \ © 16 20 5.181719 
F o 18 16 5.181012 
=©7 0. 29 4323 232 o 20 13 5.180302 
10] o 34 % | o 22 0 | 5.179592 
„ O08 "49 o 24 05 5.178880 
127 2 35 45 o 26 O 5.178167 
7 03-39-95 oO 27 57 5177452 
en 2 O 29 53 | 3176737 
$34 7. O05 39 4 O 31 49 5.176021 
ſ 16] 7 os 41 34 | © 33 44 5-175305 
17] 7 07 43 31 O 35 39 5174589 
l 7 O83: 45 41 O 37 34 5173872 
19 [7 0 48 03 O 39 29 5173156 
ne 0 41. 33 5.172442 
I 043 v7 5.171728 
hn O 45 10 5.171015 
rin 27 O 47 02 5170304 
247 15 03 02 O 48 54 5.169594. 
r 
nnen | 0-593 937 5.163180 
29 | 7 18 14 31 O 54 27 54167478 
28 7 19 18 46 o 56 16 5.166777 
298 7 20 23 13 o 58 4 | 54166079 
faol7 127 53 10 59 52 | 5165965 
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A TABLE of MARS's Heliocentrick 5 
PLACE: 

— — — — — 

8 | 

5 SIGN 4. 

N 9 
= [The Diſt. of Mars from | Curt Diſtance 
Q the firſt Star of 1 Sub Inclination from the Sun. 
of 5 o f ft fo ! WY | LoGariTHMeſ, 
© | 21 27-53": © 59-08 - __$5-165385 | | 
320 3 D 5164695 | 
27 23 37 49 103 24 5-164008 . |, 
317 24 43 O5 1 o5 08 5.163326 | 
4] 7 25 48 34 1 06 52 |. 5.162848 
2 25 54 16 1 88 34 | 5.161976 
6] 7 28 oo og 1 70 5.161308 
7] 7 29 06 15 11 $9 5+160645 
8] $ ©0 12 33 s 3 33 5.159988 
g| 3 ol 19 03 L 15 11 $-159337 
108 02 25 44 1 16 46 | 5.158692 
1118 03 32 37 1 5.158054 
12 | 8 O4 39 43 1 19 53 9132733 
13] 8 05 47 00 1 $4 5.15679 
14 8 06 54 29 1 2 64 5.156182 
1518 os o2 8 | 1 24 22 5.155573 
168 09 og 59 1 25 49 5-154972 
17 | 8 10 18 01 1 5.154379 
18] 8 11 26 15 3 {$6 : 36 5.153795 
9] 8 12 34 39 1 29 56 5.153220 
20 13 43 14 1 2 1 925 
21 | 8 14 51 59 1 515209 
228 16 oo 55 1 5151553 
231 8 17 10 02 13 5.151017 
24 8 18 19 18, 1 0 5.150491 
25 8 19 28 44 1 37 18 5-149976 _ 
26 | 8 20 38 20 1 38 2 5.149472 
278 21 48 06 139 2 5148979 
288 22 58 01 1 40 30 5148497 
29 8 24 08 94 1 41 29 5.148028 
30 10 8 25 18 17 | 1 42 26 5:147570 
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[x . 
A _ of 
| O 8 Sliocentric 
A TABLE of MARS's Hel k 
Ac. 
S | 5 
2 S1 GN 5. 
8 — e * 
2 [The Diſt. f Mars from Curt Diſtantce 
S | the firſt Star of w_ gate aL from the Sun, 
De 7 g._ £5 LOGARITHM, 
of: 3-2 38-27 1 3 42--26-- 5.147570 
18 26 28 39 1 43 20 5.147125 
li 24-3 27 39 89 I 44 12 5.146692 
3 8 28 49 48 1 45 Ol 5.146273 
4 1 9 oo o 34 I 45 48 5.145866 
en 1 22 1 46 32 5.145472 
59 0 22 29 | 1 47 14 5145093 
03 147 I $752 5144727 
8] 9 o4 44 53 1 48 23 5.144375 
25 36 16 [1 $2 02 5.144037 
reren 
119 o8 19 19 1 50 00 5.143405 
12 9 09 381 co 1 50 25 5.143110 
13] 9 10 42 46 1 50 47 717. 
+14] 9 11 54 38 1 651 06 5.142597 
Wes 13 00 35 1 $1 23 5-142316 
*16| 9 14 18 35 1 $1.36 5142085 
17 9 15 30 43 1 51 46 5.141867 
2319: 16 42 52 I 51 54 5.141666 
19 9 17 55 07 I 51 58 5.141480 
120 9 19 22 25 1 $2 22 2 141309 
21 9 20 19 45 1 51 58 | 5.141155 
229 21 32 009 I Fl 54 5.141018 
23 9 22 44 35 I 51 47 5.140896 
249 23 57 ©4 I 51 37 5.140791 
25 9 25 09 34 1. 5.149702 _ 
26 9 26 22 086 1 51 07 5140629 
27 9 27 34 49 1 50 43 5.140572 
28 9 28 47 13 1 50 26 5140533 
29 59 4 1 50 0 5.140511 
30 10 Ol 12 22 I 49 32 5140505 
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A TABLE of M ARS's Heliocentrick 
E —_ 12 R 
8 8 I G N 6. | 7 * ö 
1 — a 
= [The Diſt: of Mars fr m „ 1:4: | Curt Diſtance] ' 
3 | the firſt Star of Aries, | South Inclination. from the Sun. 
ee 0; F <= mu LOGAKITHM. 
410 -01;} 12: 22 |: 1 49> 33 5.140505 
| Th] 10 o2 24 57 1 49 0 5.140675 
1210 03 37 31 1 48 27 5.140541 ; 
310 4 50 05 I 47 50 | 5.140584 
4 | 19 06 2 38 $i 47: by 5.140645 
5310 07 15 10 1 46 28 5.1407 22 
| 5| 10 08 27 40 I 45 43 5.140815 
17110 9 40 08 1 44 55 5. 140924 
8 | 10 10, 52 34 I 44 04 5.141949 
9110 12 04 57 I 5-141190 
el 0 131 17- 26 42 14 — 409 | 
| 11 | 19 14} 29. 33 1 41 15 5.141522 
12 | 10 15 41 46 1 40 13 5.141711 
12 10 16 53 55 I 39 Og 7.1424 
14 | 10 18 6 oo 1 39 02 5.142137 
15 10 19 18 oo 136 52 5,1142374 
16 | 10 20 29 50 1' 25. 41 [ 5.142626 
170 21 41: 48 | 1 34 26 5.142893 
18 | 10, 22 53 33 1 33 10 $+143174 
19 | 10 24 05 13 | 1 31 51 | 5143471 
20 | 10 25 16 45 1, 30 29 5-143753 
21 [10 26 28 13 1 29 09 5144109 
22 10 27 39 34 1 27 40 5 144449 
2310 28 50 49 1; 26 13 [ 6144804 
2411 90 Or, 5 1 24 43 [3.145172 
25 [11 81 12 55 LI 291 11 5.145554 
8 26 11 2 23 48 1e 3.145950 
27 | 1103 34 32 1 20 01 [56358 
28 11 04 45 : 0g 1 18 24 | 6.146779 
2911 05 55 37 116 44 [6.147213 
30 11 7 o5 56 1 15 03 5.147659 
x — — ——— —_—— G2 
D A TA 1 
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A TABLE Of MARS's Heliocentrick 
PLACE. | 
J Sen 7. 
| BR - 
= [The Diſt, of Mars from Curt Diſtance 
Q the firſt Star of Aries. | South Inclination. from the Sun. | 
. o „ Loo ARTTHX. 
[Ee 07 05 56 | 1 15 03 | 5.147659 
en ie 0851: x 12 28 5.148118 
2111 og 26 10 1 11 36 |; 5.148539 
2 | 11 10 36 og I 09 50 [5.149071 
14111 11 45 47 1 OS 03 5.149564 
«1-12.12 535 21 1 06 14 5.1 50069 _ 
611 14 4 46 1 o4 24 5.150585 
7 4 15 14 0 1 02 31 5.151111 
8 111 16 23 o 5 I O0 39 5.151647 
911 17 31 59 O 58 45 5.152193 
10 11 18 40 42 o 56 50 [ 5.152749 
It | 54. $+153314 
12 57 5.15 3858 
13 59 5•154471 
14 o 5.155063 
15 0 | 3.155563 
16 OO 5.156271 
| 58 [ 5456886 
56 | -5-157509 
534 3.158139 
$1 5.159770. 
47 3159419 
43 5.160068 
39 5.160723 
35 5.161383 
30 | 5.162049 
25 4 -$-162719 
19 _ 163395 
14 | + 5.164075 
Og © | © 54164749: 
O04; > 5.165446 
* — 
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A TABLE of M ARS's Hehocentrick 
PLACE. 
Eq 
8 S 1G N 8. | | 
I The Dit. of Mars from _— Diſtance | 
I | the firſt Star of arm | South Indlination from the Sun. | | 
F eee ® 
"ol © 10 55 34 | © 16 o4 | 5.165446 0 
0 12 86 13 0 13 38 34 5 
21 © 13 04 39 50 {22.52 5.166832 
| 31 0 14 O08 53 o Og. 48 5.167530 , 
1410 15 12 -54 o 07 43 5.168230 1 
510 16 16 43 | o 05 39 | 168932 | 
2 19 oO O3 35 5.169638 
71 ©, 18 23 43 oO OL 31 5.170345 
83] o 19 26 54 [Nortb oo 33 5.171053 
91 © 20 29 53 o 2 36 5.171762 
10 [ © 21 32 40 [ o 4 39 [ 3.172472 
1 14 o O56 41 J 5.173184 
i2| 0 23 37 36 o 08 43 5˙173897 
131 © 24 39 45 0 10 44 5.174610 
144 © 25 41 42 O 12 44 $+175323 
15 | o 26 43 27 [ 14 44 [3.125038 
1610 27 45 1 | ,0 16, 43 5.176748 
171 © 28 46 21 0 18 42 [5.177460 
181 0 29 47 30 o 20 39 5.178121 
19 1 0 48 26 .0 24 30 5.178882 
20 | 1 Ox 49 11 [ 0 24 32 | 17280 
211 o2 49 43 oO 26. 28 5.180297 
22 | 1 3 50 03 o 28 22 5.181003 
23 | 1 O4 50 12 .0 30 16 5.181707 
244 1 85 50 O9 0 32 08 5.182409 
251 06 49 55 oO 34. 00 = 
261 07 49 28 O 35 51 5.183806 | 
& - iy 0 08 48 50 oO 37 40 5.184500 | 
2811 og 48 001 o 39, 29 5185191 | 
29 | 1 10 47 oo O 41 16 5.185880 | 
30 1 11 4 47 o 43 3 I 3.186565 
594 A TABLE 


ical Tables, 
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A TABLE of A R Ss Heliocentrick 
rect. 
| J | SIGN 9. | 
| 5 The Diſt. of Mars from nere | Curt Diftance 
| I | the firſt Star of Aries, North e | from the Sun. 
_- h.a4 REALM I Locarman 
of 1 11 45 47 O [\43 03 | 5, -186566 
if 1 12 44 24 O 44 48 5187248 
2] 1 13 42 50 [ o 46 33 5.187926 
3] 1 14 41 og O 48 16 5-18860x 
41 15 39 og O 49 58 5.189272 
51 1 16 37 02 O 31 . 5.189939 
61 17 34 45 o 53 18 5190801 
Tias 32 16 934 57 5.191260 
Rule e ese e 5.191913 
1.1 26 4 0 | oft. 10 6.192562 
een 93200 
i 20 38 1 Or" 18 [. 5.19345 
132 1 1 23 171 18 1102 515 5.194480 
131 1 24 13 48 - 8 fOget sees 5-195110 
14 1 25 10 og 6 105 31 5˙195733 
151 26 06 20 I 496351 
16 1 27 2180 1 08 46 | 5-196964 
171 1 27 58 12 1 10 12 3.197570 
181 28 53 55 © | IT. "+36 5-I98172 
ig] 1 29 49 29 a 5198767 
20 2 00 44 53 | 1 . — 5.495255 | 
21 2 OI 40 07 IS 3:89 * 5.15 = 199938 
„ > 133-13 *| - 1 ' 370? 5.2005 14 
224 e ee 18 1735.201084 
24 2 04 24 19 33. [3.201648 
254 2. 05 19 . 2 . 5.202205 
26 2 86 14 11. [1 22 0 [ F.25275 
27 2 0% os 35, 1 23 1321 5.203299 
23 2 O8 02 51 4 1-124: 23-1 3203833 
29 1 2 05 56 58. EE KS ; bbs | 3.204355 
eee ee 
4. A TABLE 
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7 vgs —, 
| 
A T ABLE of M AR S's Heliocentrick 
PLACE. . 
| 8 
8 Sen 0 
: N — 
| The Dit of Mars from Ronny”. Diſtance 
J the firſt Star of Aries. North Inclination from the Gun. 
eo; +0 o ! || LocariTHM. 
[o| 2.09 50 57 1 26 40 | _5-204887 
| 1|, 2,10 44 49 [1 27 46 | 5.205402 
22 it 28,33 ] 1 28 30 
312 12 32 10 1 29 53 5.206411 
| £38 - 33 :25 40 1 30 55 3.206904 
CLIN 24 19 O2, | 1-132 _ 55 5-207390 
e215 12 17 1 32 54 F. 207868 
712 16 05 25 1 . 5.2083 39 
KI 16 358 27 1 5.208802 
9 r 19 36 5.209257 
10 2 18 44 O 1 5. 209706 
11 rr, "< 5210144 
2 26 1 5.210576 
n 5 199 00; | $.211000 
14 ©: 3 240 2 3 20 IL 5211415 
152 23, 06 37 J. 1 40 37 [1211822 
16 2 23 58 46 1 41 21 5 212222 
171.2 : 24 50 52 1 42 04 5212613 
18 2 25 42 52 ] 1 42 45 212995 
19 1 26 34.47 , „5 5.213369 
20 2 27 20 37 1 44 03 |__5-213736 _ 
nne NS; 40% 5-214094 | 
22 45.39 :10 00,1] 3 $9: 35 $+214443 |} 
22 3 90 01 35 1 45 49 | 5˙214783 
24 | 3 CO 53 C4 1 46 21 5.215115 
25 | 3 01 44 29 1 46 52_|_5-215439 _ 
26] 3 92 35 50 | 1. 47 21 | $-215753 
27 | 3 03 27 085 i 4&7: 460 5.216059 
28 3 04 18 18 | 1 48 15 5-216357 | 
29 3 05 09 26 1 48 40 5.218645 
30 1 3 6 ©0 30 1 49 Og 5.210925 
Fix; __A TABL E 
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A TABLE of MAR 8's Heliocentrick | 
"PLACE. 
«fk R 5 W 
2 SIGN II. 
T The Diſt. of Mars from . - | Curt Diſtance 
S | tha firſt Star of Aries, 14225 * rom the Sun. 
o Ss o „ of LoSARTTHN. 
03 6 o 30 [ 1 49 4 216925 
1 3 06 51 go | 1 49 26 | 3.217196 
21-3 07 4227 1 49 46 5-217458 
313.095 127-10 I 50 05 5.217710 
1.3. 09 {24 06 1 50 22 5-217955 
i $[_3_ 10 14 55 [2 39 . 5.218191 
1 0 IT. iz 0 \$3 5.218417 
r 17 1 51 7 5.218635 
FT]. 3.12 146.56 1 5.218843 
01-3 13 [37 26 1 51 29 5.219042 
10 3 14. 28 00 1 5219233 
11 3 15 18 29 | x 51.45 [3219415 
16s os 35 iht 
13] 3.16 59 19 1 5155 5.219750 
14 | 3 17 49 41 „„ 5219904 
133.18. 40 o2 [ 1 32 0 5. 220048 
n is 30 20 1 52 00. | $.220184 
17 3 20 20 36 1 51 59 5.220311 
FT 3 23 o t u 6 5.220428 
n 04 1 5.220536 
| 20 3 22 51 15 . 5.220634 
21 n v2 20 5220724 
231 36 . 5. 220804 
23] 3 25 21 43 8 8-32 5.220875 
ET 2 30 21 g1 . 5.220937 
4 el 1 5.220990 
if | F23& | 3 $7 52 03 1 0 42 7221033 
i 27 | 3 28 42 08 1 50 27 5.221067 
| 28 | 3 29 32 14 1 50 10 $+221092 
29 | 4 oo 22 18 1 49 52 [ 3221107 
| 20'] 4 On 12" 22 | x 49 22 | 5.221112 
2 ip EE ATT — — — — 23 
| x, A TABLE| 
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A TABLE of henus's Mean Motion from her Aphelion. 


ur. Tears| The Anomaly 0 Compleat j The Motion of the 
of Chriſt, — J Tears, | — 
. Nee 1 
neee '07 48" $9 x 107 14 46 38 
1501 ]07 00 22 40 2 2 29 33 16 
1581 [O07 14 35 40 3 PL. 34 19; 56 
1601 [ot 18 08 55 4 os o 42 39 
1621 [O 21 42 10 5s e 15 29 17 
1641 |O1 25 15 25 6 9 © 15 35 
1661 107 28 48 40 7 104 15 o2 332 
1681 1JO2 02 21 55 8 oo oi 25 18 
1701 [08 og 53 10 9 [97 16 11 56 
1721 102 og 25 25 10 [03 oo 58 34 
1741 jos 13 1 40 14 20. It 46:38 
1761 [o2 16 34 55 12 [06 02 o7 57 
1781 [8 20 08 10 13 jor 16 54 35 
1801 oa 23 41 25 14 [oo 01 41 13 
1901 fog 11 27 40 15 04 16 27 51 
_2001 22213 16 [o 02 50 36 
Tears. | Mor. of the Anom. 17 . ky 27 29: 0 
20 6 03 33 15 18 [03 O2 23 52 
40 loo o7 06 30 19 00 17 10 30 
60 [os 10 39 45 25 18 03 33 15 
80 OO 14 13 OO 
2 — 46 15 Common | Mot. of the Anom. 
. — ER „ 
200 [oi o5 232 30 +. 2 
300 [o) 23 18 45 | January, [OO o oOo o 
400 [02 11 O5 00 | February. [ot 19 39 38 
500 [o8 28 51 15] | March. o3 04 31 32 
600 [0Z 16 37 30 | April. 1404 24 11 30 
700 [io 4 23 45 | May. O06 12 15 200 
800 [O4 22 10 O0 Jane. os ol 55 17 
goo [11 Og 56 15 | Faly. 09 19 $59 7 
1000 [og 27 42 30 | Auguſt, [11 o 39 og 
—.2080.. 133 12 259 OO! | Seve. foo 29. i9' 02 
3000 [O5 23 07 30 | Utober. [o2 17 22 53 
4009 jill 20 50 oo | Novemb. [04 07 o2 50 
5000 jo5 18 32 30| | Decemb. [os 25 06 40 
000 Jil 16 15 ©0 


[TY 


In Leap- Tears after February add 4 Day to the Time given, | 
and its Motion io the reſt. a 
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"A TABLE f VENUS Mean Motion from her Aphelion, 


nn 


edel m SAG 
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The Diſt. of the Aphel. of 2 fr. the firſt of F. 9 05 oO o 
The Diſt. of 8 of 2 from the firſt R of Y.— 1 15 16 © 
Inclination of the Orb of . — 
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A TABLE of VE NU 's Heliocentrick 


PLACE. 

I 

8 SIGN Oo. 

N 

= |The Diſt, of Venus fr. . . | Curt Diſtance 
J | he firſt 1 of A 15 Sourh Inclination] from the Sun. 
0 425 BW. 2 o ' HW _| LogGarITHM.| 
of 9 04 57 01 |_ 2. 35.37 4.361985 

1] 9 05 56 11 2 7142 4.861971 

2] 9 06 55 21 2 40 04 4.861957 
319 07 14 22 21 4.86 1941 
419 08 53 42 2 44 20 | 4.861926 
54. 9 09_ 52 53 2 46 23 | 48619099 | 
6| 9 * 52 05 2: 4. 23 4.861892 
1 83 4.861874 
819 12 50 29 2: 06. T2 4.861854 

91 9 13 ' 49 42 2 3 06 4.861834 
1J0 9 14 43 32 55 55 4.861814 
119 15 48 07 2 57 40 | 4.861792 
129 16 47 20 2,496 242 4.851772 

13] 9 17 46 34 3 01 ol 4.861750 
14] 9 18 45 48 3:03 36 4.861726 |} 
15] 9 19 45 2 | 3 04 og |_ 4.561703 | 
161 9 20 44 17 3 05 38 4.861679 
171 9 21 42 32 3 07 03 4.861654 
18 9 22 42 48 3 08 26 4.861628 
191 9 23 42 04 3 Og 45 4.561602 
20 | 9 24 41 20 3 11 O | 4.861575 
37 3 12 13 4-861548 
22 9 26 39 55 3 13 22 | 4.861521 
23 9 27 39 12 s; kW: 27" 4.861492 
2449 28 38 31 3 15 29 [4.864463 
ieee 4.861434 | 
26 | 10 co 37 09 311 23 4.861405 
2710 01 36 29 3 18 15 4.861375 
2810 02 35 50 3 19 03 4.861345 
29 | 10 03 35 10 3 19 47 4.861315 

30 | 10 04 34 31 3 20 28 4.861284 
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A TABLE of VE NU $S's Heliocentrick 


PLACE. 
O SI GN I. | 
I The Diſt. of Venus fr. „ Curt Diſtance 
S | the firſt Star 2 [Sourb Inclination| fran, ibe Sun, 
woes wo fo. ! / | Logarita. 
00 10 o4 34 31 3 20 28 | 4.861284 
1 | 10 O5 33 53 3 21 05 4.861253 
2 | 10 O06 33 15 3 20 39 4.861221 
3 | 10 07 32 38 3 22 og 4.861189 
4110 08 32 01 3722 36 4.861155 
een 25 1:3, 22 | 59 4.861122 
610 10 30 49 | 3 23 18 [4.861088 
7 | 70 11 30 14 3 23 34 4+861055 
8 | 10 12 29 40 3 23 46 4.861021 
91 10 13 29 O86 3 60 4.860987 
10 10 14 28 23 | 3 23 59 4.880932 
11 | 10 15 28 00 3 24 0 4.860917 
12 | 10 16 27 27 212 $7 4.860882 
12 10 17 26 56 310 18.2 4.860847 
14 | 10 18 26 25 3 22 4.860811 
15 E10 19 25 54 3 23 28 4.860776 
1610 20 25 25 3 22 11 4.860740 
1710 21 24 56 31 40 4. 860704 
18 | 10 22 24 27 3 22 6 4.860668 
1910 23 23 59 3 21 $57 4.860631 
20 | 10 24 23 31 9 :-24'-25 4860594 
21 10 25 23 04 | 3 20 50 [4.860557 
22 | 10 26 22 38 2 20 11 4.8605 20 
23 10 27 22 12 3 19 29 4.860483 
2410 28 21 46 3 18 42 4.860446 
ene 2 4.860408 
26 | 11 0 20 59 3 16 59 4.860371 
2711 OI 20 35 3 16 02 4.8603 34 
2811 O2 20 13 3. 15 o2 | 4.860295 
29 | 17 03 19 51 3 13 58 4.860256 
30 | 11 04 19 30 231393 81 | 4.860218 
A TABLE 
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2 L ACE. 
0 S1GN 2. | 
** 
= [The Di. of Venus fr. eur Diſhame 
A | the firſt, ol; of 4 Aries. Land Inclination.| from ibe Sun. 
08.0 | (ERA 0 Fre Wh LOGARITHM. 
© 12 o4 19, 20 | 3 12 51 4.860218 
1111 05 19 09 3 11 40 | 4.860181 
2111 06 18 48 | 3 10 25 | 4.860142 
311 07 18 29 3 09 7 - 4.860104 
4 | 11 . 08 18 10 [3 o 46 | 4.860065 
6 | 1x Og 17 52 [3 06 271 4.860027 
611 10 17 3 3 04 33 4.839988 
7111 11 17 18 3 03 22 4.859949 | 
8111 12 17 02 3 01 47 4.359910 
9111 13 16 46 [3 o O9 4.359870 
10 11 14 16 32 2158227 |; 4.852831 
1111 15 16 17 | 2 56 43 2 
12111 ns} 16 O4 2 54 55 ; 4359753) 
13111 17 15 51 2 53 04 4.859713 
14 | 11 18 15 39 2 51 10 4.859672 
1511 19 15 27 2 49 12 4859834 
1611 20 15 16 2 47 12 4.359594 
17.) 11 2115 ,06 2 45 08 22554545 
184 — 22 14 56 2143 2 48595144 
19 11 23 14 472 4% 52 7279494 
20 & 1, 24 | 1 14 32 7 2' 33 40 4.859424 
2111 25 14 31 2 36 24 4.859394 
2211 26 14 24 [ 2 34 06 4.859353 
2311 27 14 18 ] 2 31 45 4.859313 
24 28 14 12 2129 21 4.359273 
25 11 29 14 % 2 28 54 4.8222 
26 0 00 14 03 2 24 25552 
27 0 01 125 2 21 53 [4.859151 
281 © 02 13 5 2 19 18 4.859110 
129 © 03 13 54 2 16 41 4.859070 
30 0 © 4 13 52 2 14 Ol 4.85909 
— — — : — — 
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A TABLE of VENUS' Heliocentrick 
PLACE. | 
8 | f 8 16 N 3. 

5 The Di s — | I cur. Diſtance 
Q | the f - 15 f aun . ane from the Sun, 
. TN © | LOGARITHM, 

oo o4 13 52 || 2 14 % | | 4.859029 
10 05 13 51 2 11 19 | | 4.858988 
2 0 06 13 31 2 08 34 [4.858946 
3 07 1 50 | 2 05 47485895 
44 0 08 13 52 2 O 58 [4.858864 

eee. 8 
6 0 10 13 56 1 57 12 | 4.858782 
21 0 11 13 59 1 54 16 | ' 4.858740 
8 0 12 14 03 1 51 18 [4.858698 
9 0 13 14 o7 | 1.48 17 © | 4.858657 

104 0 14 14 12 1 45 1507 4.858615 
11 % 15 14 18 1 42 11 | 4858573 
12 0 16 14, 25 1 39 04 [4.858532 
14 0 17 14 32 [1 35 56 ¼ 14.858490 
14 O 18 14 40 | 1 32 46 4.858448 
130 19 14 49 1 29 25 4.858406 
16 o 20 14 58 | 1 26 21 | 4.858364 
17 o 21 15 8 | 1 23 086 | 4.858321 
18 O 22 15 18 1 19 50 4.858279 
19 o 23 15 30 I 16 31 [ 4.858236 

28 [0 24 15-42 | I 123 12 4.85 8194 
210 25 15 35 I Og 51 [ 4.858152 
22 0 26 16 cg. 1 06 29 | 4.858110 
23 0 27 16 24 1 03 o5 4.85 8068 
24 | 0 28 16 39 o 59 40 4.85 8026 

25] 0 29 16 54 | 055 34 4.87283 
26 1 00 17 10 o 52 47 | 4.857941 
rio 77 27 00 49< 109 * 4.857898 
28 x." 02 17 41 O 45 30 4.857855 
29 | 1 03 18 of O 42 21 4.857813 
go! 1 04 18 23 o 38 50 4.857770 

C 
A TABLE 
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A TABLE of VENUS” Heliocentrick 


PL ACS. | 

D = 

8 8 I GN 4. 

N . - — — 
2 |ſhe Diſt. of Venus fr. „e | Curt Diſtance 
Q the firſt Star of Aries. *ab Fal teried, 0 from the Sun. 
ee , | Logauran, 
of 1 04 18 23 oO 38. 50 | 4.857770 

r| 1 05. 18 43 o 35 18 [ 4.857728 

2| 1 06 19 4 O 31: 46 4.857685 

3| 1 07 19 2 o 28. 13 |. 4.857643 

4] 1 08 19 4 O 24 40 | 4.857601 
<j_7-i09/ 20: 12 |: Of 28: 06- |. o4.8o730o 

6] 1- 10. 20 34 O; 17 32 4.857516 
7] 1 11 20 58 O' 13 57 4+857474 

C3 2-12 227 22 O 10. 22 |. 4.857433 | 
of 1 13 21 48 | 0! 06 47 [4.857391 
10 1 14 22 14 r 4-957359 
e North 24 |. 4.857308 
12] 1 16 23 08 0: 03> 39 4+357267 | 
13 1 17 23 37 9 OF. 39 4.357226 
14 x 18 24 06 o 11 10 | 4.857185 
15 1 19 24 36 O 14 45 | :4-857143_ 
16| 1 20 25 06 | o 18 20 | 4.857103 
W412 21; 24- 37 oO 21 35 4.35 7062 

18 1 22 26 og oO 25 29 | 4.857022 
77-23: 26: 42 O 29 03 4.856981 

20 [ 1 24 27 15 [ 32 37 | 4.836941 

* 1 25 27 49 O 36 0g 4.856902 
22 1 26 28 23 O 39 41 4.856863 
231 27 28 58 O 43 13 [4.356824 
241 1 28 29 34 o 46 44 4.856786 
10 © 50 13 4.856748 

26 2 co 30 47 01 58 4.856709 
1 332 24 o 57 10 4.856672 | 
02 22 02 1 00 37 |. 4.856635 | 
29 2 03 32. 41 I 04 03 4.856598 
230 2 4 33 20 I O7 28 4.856562 
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A T ABLE of VE NU S's Heliocentrick 
F P LAC E. Y 
8 | " 
8 
| AY JS EGN Fo 
di I The Diſt. of Venus 1 * Cur Diſtance 
|S þ the firſt Star r of Aries Nei. 1 | North inclination. | | from obe San. 
oſs 6 1 loo 1 7 | Logakita, 
8 2-04 32 20 [ 1 07 28 4.88552 
12 05 34 0 1 10 51 4.856528 
212 06, 34 47 1 14 13 | 4.856491 
312 07; 35* 24 E 1 17 34 [ 4.856456 
4 208 36 os |© 1 20 53 [4.856422 
. 2 09 1 a. 2e 4.855288 
10 3 30 g 1 27 27 7756577 
7 8 411 38 13 1 30 42 123 856322 
ni 365-597 10 1... 33: $9; 4.856290 
9102413 39 43 1 37 86 4.856259 
L102. 14 40 28 _1 40 15 (4.836228 
niz 4t- 16 1 43 23 | 4856198 
12 2 16 42 O I 1 46 29 4.856169 
nn 42: 47” JF 13 49: 32 46155 
14 | 2 18 43 332 | 1. 52 34 4.856112 
15 . 2 19 44 20 [1 55 33” [4.856085 
116 2 20 45 08 1 58 31 4.856058 
17 2 21 45 57 2 ot 26 4.35 6032 
cs] 2 22 45 46 2 04 19 4.856007 
| 19] 2 22 47 36 | 2 7 10 [4.855983 
l 20 þ_2 24 48 25 {2 09: 8 | 4.855960 _ 
212 257 45 : 2 12 43 4855937 
22 2 26 50 06 2 142 2F 4.855915 
| 23 |... 2 +27; 50 57 2 18 O [4.355894 
e 4.855825 
126 3 0 53 30 2 25 54 4.855838 
| 27 | 3 ol 54 22 2 28 24 4.855821 
28 3 02 55 15 3041 4.855805 
| 2s | 3 03 56 08 | 1 39 36 7855775 
38 104 37 0 l 2 35 37 4-85 5776 
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4 TABLE of VENU S's Hehiocentrick | 


— 


P LAC E. 
FIBER ME 
Q SIGN 6. 
Z [7 Diſt, of Venus f; | ' Curt | Diſt 
The Diſt. o nus fr. . urs 7/7 ance 
z the 4. Star of Aries, North n, from the dun. 
. 0 | I! [Loo ARTTHNM. 
o | 3 04 57 01 2 35 37 | 4855776 _ 
 £Þ-:3- 09 157-554 2 37 56 | 4855763 
2 | 3 06 58 48 2 40 12 4.855751 
3 3 07 59 41 2 42 24 4.355741 
4| 3 09 o 35 2 44 + 34 4.855731 
on 128: 4} 2: $6 [41 4.855722 
6| 3 11 O2 22 2 48 44 [4.355715 
7| 3 12 03 16 2 50 44 4.855709 
0er 2. $2 41 4+855704 
98 3 14 5 05 2 54 35 4.855700 
10 3 15 97 59 2 56 25. | 4.855698 _ 
0 2 58 13 4.855696 
erer 4 2 59 56 4.85 5696 
13] 3 18 08 42 3 4.855697 
144 3 19 09 37 3 03 14 4.855699 
15 | 3 2 10 31 | 2 04 47 | 4855792 _ 
1690322" ;12 7:89 3 06 17 4.855707 
173 22 12 19 3 07 44 4.355713 
13 12 2 Og 07 4.855720 
07 2 10 O86 4.855728 
2077-2 89 : $3400 21 42 4.855737 
21 3 26 15 53 | 3 12 54 | 4.5748 
22 3 27 16 47 2 14 03 4.855760 
e 3 PL =. 4555773 
24 2 29 18 23 3 16 og 4855788 
25 19.25 [ 17 07 [4.85584 
25 4 01 20 18 3 18 or 4855821 
„ | 28* 10 3 18 51 4.855829 
284 03 22 02 3 19 3$ 4-355 359 
29 4 O04 22 54 J - 20 4.855880 
301. 4 95 22 45 3 20 $59 4.835903 
* —— — 
ET H z A TABLE 
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A TABLE of VE NU s's Heliocentrick 
| ——— TONY 
5 | | 
2 SIGN 7. 
MN * 
= [The Dig. of Venus fr. IL” Curt Diſtance 
$ | the firſt Star of Aries. | North Inclination. from the Sun, 
Erie of ' | © I LocakIThw. 
of 4 05 23 45 | __3 29 59 | 4855903 
14 06 24 35 3 21 34 4.355927 
| 2147407. 25-25 3 22 ,06 4.355952 
3|.4 08 26 15 3 22 33 4.355978 
41 4 099 27 04 3 22 57 \ 4.856005 
5 4 27 _53 3 23 17 4.856934 
OS $41 25 82 3 23:22 4.856064 
7| 4 12 29 30 3 23 46 4.05000} 
EE x23 go 127 3 4.85612 
ene 23 59 4.856161 
231 0 3 24 Oo 4.856196 
114 18 32 33 3 23 57 | 4.856232 
L617 33-21 3 23 50 4-35 6270 
nn 34 05:4 :3 23 4© 4.856308 
14] 4 19 34 48 [3 23 25 4.356348 
i5| 4 20 35 32 | 3 23 07 | 4.856339 
"16 | 4 21 36 14 2 28 45 4.856431 
. 12 22 20 4.856474 
27 77 3 21 50 4.856518 
19 4 24 38 16 „ 4.856563 
204 25 33 55 320 40 | 4 856610 
21| 4 26 39 34 3 19 59 4.856657 
22 4 27 40 12 3 19 15 4.856705 
23 4 28 40 48 5 1 4.856754 
24 4 29 41 25 317 35 4.35 6804. 
25 5 00 42 00: 3 16 40 4.356856 
26 5 1 42 34 3 15 41 4.856909 | 
| 27 | 5 02 43 08 3 14 4.856962 
28 5 03 43 41 | 3 13 31 4.857016 
29 1 4 44 13 7 1 20 4.857071 
30 5 05 44 44 | 3 11 08 4.857126 
= ." A TABLE! 
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3 TABLE of VE NU S's Heliocentrick 


PLA c E. 
[ET — 5 — ——ͤ— — — 
N — dat 
1..8 The Diſt, of Venus fr. Curt Diſtance 
2 | the fixſt Star of A Ale North Inclination.| from tbe Sun. 
[| 8 0 Fr 1 A 4 Oo 77 O ARITHM. 
ſl oſ_s 05_ 44.44 |_3_ 11 0#_ | 4557126 
| 1] 5 06 45 13 3 09 51 4.557183 
| 2| 5 07 45 42 3 08 31 4.857241 
31 5 08 46 10 3 07 7 4.857299 
| 4} 5 9 46 37 3 05 39 4.857358 
re. 8 | 4.857418 
61-4 -21 | 47+ 26 3 O2. 34 4.857478 
171 3 12 47 32 399 S7 4857559 
8] 5 13 48 15 2 59 16 4.857600 
9 5 14 48 37 2 57 32 4.857662 
0:26; 42: 40 1: 2: 42 8 4857727 
116 5 16 49 18 2 53 54 4.857788 
12 5 17 49 37 2 52 0 4.857852 
13] 5 18 49 54 2; 40.09 4.857917 
144 5 19 50 11 2 48 03 4.857582 
155 20 50 26 | 2 46 00 _| 4858047 
16] 5 21 50 41 2 43 53 4.858112 
17 | 5 22 $0 54 2 41 44 4.858178 
18] 5 23 51 08 2 39 32 4.858244 
198 5 24 51 18 2 37. 17 4.858310 
204-5 25 53-28 |: 2.34 539. 4358/7 
214 26 31 37 2 32 39 4.858444 
225 27 31 44 43: 20: 3s 4.858511 
23] 5 28 51. 50 2 27 49 4.858578 
20 361 17 2 25. 20 4.85 8646 
25] 6 00 32 o1 | 2 22 49 4.858712 
26 6 0 52 04 2 20 15 | J. 587 
27 | 6 o2 52 07 2 17 36 4.858848 
| 28] 6 03 52 07 2 14 59 43858915 
29 6 04 52 O7 2 12: 18 4.858982 
201 6 o5 52 06 | 2 0 34 4.859050 
H 4 A TABLE 
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A TABLE of VE NUS' Heliocentrick 
PLACE. 
D SIGN 9. 
- E The Pad. of Venus "x 2 Curt Diſtance 
\S | the firſt Star of = ey 7 from the Sun. 
Ts TO fo: 7. Locaritan. 
of 6 o 52 os | 2 2 09 34 _4-859050 _ 
1 6 06 52 04 | 2 06-48 | 4859117 
2] 6 07 52 oo 2 04 00 | 4.859184 
3 6 08 51 57 | 2 01 09 4.859251 
41 6 o 51 51 1 322 $6 4.859318 
. 10 51. 44 1 55 21 [4.832284 
66 11 51 37 1 52 25 4858405 
71 6 12 51 27 | 1 49 26 | 4.859517 
81 6. 13 51 17 I 46 25 4.359582 
91 6. 14 51 06 1 43 22 [4.859648 
10 6 15 50 54 | 1 40 17 [4.89712 | 
11 6 16 50 41 137 11 4.559776 
12 6 17 30 27 i 234: DN: 4.859840 
13 6 18 50 12 1 30 53 [4.859903 
14] 6 19 49 56 1 27 42 4.859966 
15 . 6 20 49 38 | 1 24 29 | 4.85009 
16 | 6 21 49 19 1 205 8s 4.860091 
176 22 49 00 I 17 59 4.860152 
18] 6 23 48 40 1 14 42 4.860212 
19-4 6 24 48 19 2 11 23 [4.860272 
20 [ 6 25 47 35 | 1 08: 04 | 4.860221 
211 6 26 47 34 I. 04 43 4.860390 
s. 27 N10 1 OS 21 4.860448 
23 6 28 46 44 oO 57 58 4.860505 
241 6 29 46 18 O 54 34 4.360561 
125 7 00,45 50 | © 51 99 4.860617 
| 26] 7 o 45 22 O 47 43 4+860671 
2 44: 54 O 44 16 | 4.860725 | 
28] 7 03 44 24 o 40 49 | 4.860778 
| 29} 7 % 43 53 | © 37 20 f 4.860530 
30 f 7 05 43 21 | 0 33 52 4060801 
1— — — — | 
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A TABLE of VENUS Heliocentrick 


es 


——_ 


PLA Cx. 

8 S LON IO. 

I The Diſt. of Venus fr. -.- [Curt Diſtance 
$ | the firſt Star of Aries. [North Inclination, from the Sun. 
eter 1 i Þ o 0  FEoaaamm 
0+ F-0;: 42 21 O 22 52 4.860881 
717 o 42 49 07 20 21 4.360931 
2| 7-07 42 16 | ©: 20 $53 4.860981 
2| 7 08 41 42 0.23” 29 4-861030 
417 09 41 07 | © 19 $2 4.861077 

s | 7 10 40 32 O 16 21 4.861122 
111 39 56 0 18 - $0 4.861169 
11132 29 19 O og 18 4.861213 
12 7 41 o os 47 4.861256 
es | ..0; OS” 15 4 361299 
10 [ 7 15 37 24 | South or 16 4+3861340 
11] 7 16 36-44 |- © 04 48 4.861380 
12 7 12 36 03 o 08 19 4.86 1420 
13 25 22 0 130 4.861458 
14] 7 19 34 41 O 15 21 4.361495 
16 | 7 20 33 58 O 18 52 | . 4.861530 _ 
167 21 33 15 O 22 22 4.861565 
1717 22 32 32 o 25 $52 4.861599 
1 231 40 o 29 21 4.861631 
19 7 24 31 03 o 32 50 4.861663 
20 |_7 25 30 18 | o 36 18 4.361693 
217 26 29 32 o 39 46 4.861722 
227 27 28 47 O 43 12 4.861750 
23 | 7 28 28 02 | 0 46 38 4.861777 
24 1 1229 27 15 o 50 03 4.861802 
25 L 8 oo 26 27 9 «£7 27 4.861827 
26 8 01 25 40 ñE% 0 56 51 4.861851 
278 o2 24 51 1 OO 13 4861873 
288 03 24 03 1 023 34 4.861894 
29 | 8 o4 23 14 I 06 54 4.861914 
30 18 o 22 25 1 10 13 4.861932 
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A TABLE of ENU Ss Heliocentrick 


P LAC k. 
| J S 1 GN. II. 
> The Diſt. of Venus fr, \ TR ee Curt Diſtance 
S | the firſt Star of Aries. A OLE from the Sun, 
l MTS. 1. 7 5 LOGARITHM, 
"of $ o5 22 25 | 10 12 | 4.861932 
I „ 1 4.861950 
31 8 07 20 47 1 16 46 4.86 1966 
318 08 19 57 1 20 oo 4.861981 
148 o9 19 67 11 4.361995 
5 8 10 18 17 1 26 25 | 4.862007 
ii 1 26 1 29 35 | 4.862019 
718 12 16 36 I 32 44 4.362029 
68 13 ; 15:45 g | 26-06 4.362039 
91 3 14 14 54 1 38 36 4.862048 
10 [8 15 14 03 1 41 69 4-862055 
II | 13 12 I 45 01 4.362061 
i2 | 8 17 12 20 ; $4 46 4D$ 4.862067 
13 3 18 11 29 1 50 58 4.862071 
1141 8 19 10 38 I 53 54 [ 4.862074 
15 | 8 20 o 46 2418 48 4.862075 
16 8 21 08 54 1 59 40 4.862070 
i7| 3 22 08 03 2 O2 29 | 4.862076 
18 8 23 07 12 2 o 16 4.862075 
ig | 3 24 06 20 2, 08 02 4.862072 
20 | 8 25 og 28 2 10 44 | 4.862069 
21 || 3 26 04.37. 2 13 25 4.862064 
22 8 27 03 46 2 16 3 | 4.862059 
' 33 | 8 28 o2 55 2 18 29 4.862054 
24 | 8 29 2 04 2 * :32 4.862047 
25 |_ 00 01 13 2 23 : 43: 4.862038 


26 11 4.862029 
28 37 4.862019 
6 4.862009 
33 20 4.861997 
35 37 | 4.861985 
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A TABLE of Aſercury's Mean Motion from his Aphelion. 
Cur. Tears, The Anomaly of | | Compleat j The Motion of the 
of Chriſt. Mercury, Tears, Anomaly. 
REO ＋ | ö 
1 O3 O1 32 OO I OI 23 42 07 
1501 N. O9 02 00 2 0J 17 24 14 
1581 05 07 2 oo 3 lo 11 0 22 
1601 JO 21 32 00 4 [97 o8 54 oo 
1621 [26 06 82 [ «5 jog 02 36 97 
1641 [06 20 32 00 6. 110 26 18 14 4 
1661 [27 05 02 oo 7 oO 20 oo 21 
1681 07 19 32 00 8 122 17 48 oo 
1701 o8 o4 o2 oo 9 [94 11 30 07 
1721 [08 18 32 00 10 [96 O05 12 14 
1741 Jo 03 2 0 11 [97 28 54 21 
1761 [0 17 32 oo 12 [09 26 42 oo 
1781 10 02 O2 OO 13 11 20 24 07 
1801 [10 16 32 00 14 jol 14 06 14 
n v2 Ov 15 ſo3 07 45 21 
2001 103 11 32 ©O 76 Os os 36 * 
Narr. Mor. of the Anom. 17 los 29 18 o7 
20 Oo 14 30 oo 18 ſo8 23 O0 14 
40 [o 29 co OO 19 % „ 
60 [01 13 30 OO 20 O0 14 30 OO 
-= = + = pro Common | Mot. of the Anom. 
＋ꝓʒ—2—ͥ—— — Months. $ 0 7 77 
200 104 25 00 00 2 Es 
20 OP January. [90 OO CO OO 
400 [oo 20 oo 09] | February. [04 O6 51 44 
500 [oo O2 30 Oo] | March, [o8 on 26 52 
800 [O2 15 oo o April. ſoo o8 18 36 
e |04 27 30 0o| [May, |o4 11 o4 48 
800 [07 10 co oo ane. [os 17 56 33 | 
goo [09 22 30 o | July, OO 20 42 45 
1000 loo o5 oo 0Oo| | Auguſt, [o4 27 34 29 
2000 |OO 10 OO OO! Septemb. [oo O4 26 14 
3000 [oo 15 O02 oo October. [oi O7 12 26 
4000 loo 20 oo oO | Novemb. [os 14 04 10 
5000 [oo 25 Oo 00| | Decemb. [og 16 50 22 
6000 Joi oo O0 OO 
In Leap-Tears after February add a Day to the Time groen, 


and its Motion to the reſt. 
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v i 
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+42 . 
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= 
J 32 
F 
i 
1 . i 
g ? 6 
0 e ; 

( Wi 
ö 
1 
13 
1 1 
i 4 
F 4 
Wo 44 . 
18 
q : 
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22103 oo on 53 


2303 04 O07. 25|21 [03 34 51151108 41 46 

24103 08 12 5322 [03 45 o5|5208. 52 oo 

25103 12 18 30123103 55 19|53109 02 14 

126103 16 24 02124 94 7 325409 12 28 
| 27193 20 29 35][25[04 15 465509 22 42 
2803 24 35 00726 [O04 26 56 O0 32 56 
2903 28 40 402704 36 145700 43 O9 

30 [04 o2 46 1212804 46 2858009 53 23 

31104 06 51 4429104 56 425610 03 37 

3204 10 57 17 3 O5 06 55 [60110 13 51 

6: I 


| The Diſt, of the Aphel. of & fr. tlie fxſt * of F. 7 13 48 © 


— 


1100 10 55 24 


Inclination of the Orb of . —— © 06 54 © 

Mean Diltance c ot From the . 38710 

Eccentricity, — — 7970 
*% A TABLE} 
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- 2 - > * 1 « « * 
> 


A TABLE of MERCURY's Mean Motion from his Aphelion, 


8 _ of the Anom, | | Motion of 0 F the Motion of the 
S 1 17 Anomaly, | | Anomaly. 
"2100 oO4 05 32 or +>.7- I 
2100 08 11 Og 16-9. 003 6 0:08 
3100 12 16 37 do 10 14|31]05 17 og 
4400 16 22 10 oo 20 283205 27 23 
51» ¶ 20 27 42 09 30 42133105 37 37 
600 24 33 14 0 40 5534/05 47 51 
7100 28 38 47 oo 531 093505 58 os 
8801 o2 44 19 or n 233906 08 19 
9101 86 49 52 ox 11 3737 [06 18 32 


1110 15 00 56 
12401 19 086 29 
13101 23 12 OI 
141 27 17 34 
15102 OI 23 O6 
| 16] 02 o 28 38 
17102 9 34 11 
18102 13 39 43 
1902 17 45 16 
209102 21 50 48 
21102 25 56 20 


Fr — — — 

O 0 | COW EIS 8 ee loi 
0 
= 
A 
N 
Vo 
to 
+> 
— 

O 
O 
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GT 


The Diſt. of & of V from the firſt R of Y.— © 15 42 0 
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* „5 on x * 
— ——_s — — 


| n of ME R CU RTS Heliocentrick 
| PLACE, 


= 


SIGN O. 


— —— 


Tbe Diſt. of Mercury fr. 5 | Gs Diſtance 
the firſt Star of Aries. outh inclination. from the Sun, 


r fo 01 [| LoGaRITHM. 
14 38 ][ 4.558423 


18 54 | 4668395 
4.668 340 
27 22 4.668269 
31 34 [4.668184 
35 43 4.558082 


5 06 I 4.867963 
e — 38 4.6672 | 
48 02 4.667678 
52 05 4.667512 
56 06 4.667330 

4.567132 | 
O4 3 4.666918 
O7 59 4.666687 
11 52 4.666444 
15 45 4.666180 _ 


— 
> 
wA 
GO 
O 
+ 
| 
eherne 
8 
wa 
O 
\O 


_— 


0 
— 
8 
A 
+ 
RA 8 
8 
O 
O 


5 8ER 8 8 cow QO -e. 1 


24 2 4 19 34 | 4.565904 

, — * 3 49 23 22 4.665610 

7 25 44 38 4 27 09 4.665301 | 
119 7 26 25 44 4 30 53 4.664976 
20 7 27 05 34 [ 4 4 3148843 


27 47 27 4 38 15 4.664280 


21 
22, g 28 28 25 4 41 53 6 4.663908 
23] 7 29 09 286 4 45 29 4.663522 
24 | 7 29 50 31 4. 49 03 2 
258 oo 31 40 4 52 34 87268 | 
26| 8 o1 12 54 4 59 04 4.662266 
278 o 54 12 4 59 31 4.661817 
28] 8 o2 35 35 5 02. 56 4.661351 
29 | 8 03 17 03 5 O06 19 4.560870 
| 30 | 8.03 58 36 $ j 078 4-060373 
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3 


| 


A TABLE Of MER CURT VS Hehocentrick 


PLACE. 
A " 
8 81e m 1. 
| > Ne D:.of Mercuryfr. ig (ORs Diſtance 
$ | the firſt Star of Aries. mo W from the Sun, 
os o !' ff | o f ' | Locaritaw 
of 8 o 3 58 36' | 5 o9 40 [4.560373 
18 04 40 16 f 5 12 58 4.659860 
218 05 22 Ol s 16 14 4.659332 
3] 3 06 03 51 3 19 27 © |* 746588709 
418 06 45 47 6 i 0 38 4.658231 
5 LS 07 27 59 3 25 42 [ 4-657656 
68 03 99 56 5 28 53 4.65 7066 
7] 5 08 52 15 5. 3: 57 4.656459 
8 8 09 34 37 5 34 58 4.655838 
9 8 10 17 06 6 i.-$T” $7 4.65 5201 
10 [ 8 10 59 41 | 5 40 53 [ 4.8442 
111 $ 11 42 24 s 43 46 4.553882 
12 8 12 25 15 5 46 37 4+55 3199 
13 8 13 08 15 5 49 25 4.65 2500 
141 8 13 51 22 „ 4.651787 
15 | 8 14 34 37 | 5 54 32 [4.5410 
16 | 8 15 18 1 5 $7 32 4+650314 
171 8 16 ol 33 6 Oo 08 4.649655 
181 8 16 45 14 6 02 41 4.648780 
19 $ 17 29 04 6 O5 12 4647939 
20|- 8 18 13 04 | 6 07 40 4.647183 
18 57 13 [6 10 04 4.646363 
22 | 8 19 41 35 6: 181 29 4.645 5 26 
23 8 20 26 05 6 14 44 4.644674 
24 8 21 10 45 6 16 58 4.643808 
nn 6 6 19 10 | 4.642925 
26 | 8 22 40 37 6 21 18 4.642028 
27 | 8 23 25 50 6; i 23 4.641115 
281 8 24 11 14 61 24 9 4.640187 
29 8 24 56 51 67 27-29 4.639244 
301 8 25 42 39 6: 1 þ 4.638286 | 
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A TABLE of MERCURY's Heliocentrick 
FDaci 

D Los 

> Ne. AE 

= |The Diſt. of Mercury fr. h e ; 

Q the 2 Star of Aries. tb In ndl from the Sun. 
Be "Ber N n LOGARITHM. 
"oa |$:.25 42 39 6 29 17 —— 
| 8:26 ,28 29 6 31 07 4.637312 

g 8 27 14 51 6 32 54 4.636323 

8 28 01 17 [6 34 27 4.635320 

- 8 28 '47 57 6 36 17 4.634303 
1 29 34 39 22 52_ 4.633270 _ 
cl. o: oo 21 ca lf 6 39 24 4.632221 

— — — 6 40 51 22 

/ 9 OL 56 48 6 42 14 4.630081 

9 02 44 37 | 6 43 33 4.628988 

18 9 03 32 40 6 44 48 | 4.627880 
II N 0121 oo | 45 59 [4.526757 

121 9 05 09 33 6 47 05 4.625620 

1 9 5 58 22 | 6 48 06 |. 4.624469 

1 9 06 47 29 [6 49 03 4.623302 

13 9 07 36 51 6 49 55 4.622121 

9 08 2 56 50 43 [ 4.620926 
e , „„ 

18 9 10 C6 39 6 52 03 4.618492 

176. | [ 61 906 4.617253 

— + 4 $14 = 6 53 02 || 4-616001 

20 21 | N | 4-0. 
IF "FT 6 25 4.614724 

21 | 2822 28 6 - 42 4.613454 

2 297 * * 20 6 53 533 4.512159 

2 15 4 24. 6 33 59 |, 4.610851 

" 9. 15 08 49 |_6 53_59 | _4.609529_ 
r 4.608194 

_ 8.27 — 38 6 - = 4.506845 

2 18 46 65] 6 533 25 4805482 

— 1 * 52 6 53 Ol 5 

30 195 20 34 1 6 52 31 4.602718 

' 4 A Þ A TABLE 


ST 
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A TABLE of MERCURY's Heliocentrick 
PL AC ;. | 
8 | 
8 nr | 
IF The DiſtofMercuryfr. + a. ; Curt Diſtance 
Q the firſt Star ef Aries, South * from the Sun. 
. o ! W| | LogGartITHM. 
o| 9 20 24 0 6 52 31 | 4.602718 | 
1 9 21 28 31 | 6 51 55 | 4.601318 
29 22 23 25 | 6 51 12 4.59990 
39 23 18 40 6 50 23 [4.59847 
41 9 24 14 18 6 49 27 4.597040 
22 10 20 [48 25 | 4-595590 
6] 9.26 06 45 6 47 15 [ 4.594129 
7219 27 3 34 | 5 45 53 | 4.592655 
'8] 9 28 00 47 6 44 34 4.591170 
9 9 28 58 26 |. 6 43 o2 | 4.589674 
10 9 29 56 20 6.41 24 [ 4.588166 
11 | 10 00 54 59 6 39 37 [4.586648 
12110 01 54 54 | 6 37 43 | 4.585119 
13 | 10 O2 53 14 6: 35 41 4.583581 
en 23231 4.582034 
15 | 10 04 53 16 | 6 31 12 4.580478 
16 10 O05 53 56 6 28 46 4.578912 
1710 06 55 5 [6 26 11 4.577338 
1810 07 56 42 | 6 23 27 4.575755 | 
19 10 08 58 46 6 20 35 | 4.574164 | 
20 | 10 10 OI 19 6'17 34 44572565 | 
21 | 10. 11 O4 21 6 14 24 | > 4.570960 
2210 12 ; 07 53 6.11 5 4.569348 
23 | 10 13 11 54 6 o 36 4.567730 
24 10 14 16 24 6 03 59 4.566107 
enz; 21 24 6 00 12 4.564479 
12610 16 26 54 | 5 56 15 4.562845 
2710 17 32 55 ⁶ 5 52 Og 4.561207 
28 | 10 18 39 27 1 4.559567 
29 | 10 19 46 30 5 43 26 4.557924 
30 110 20 54 4 | 5 38 50 4.356279 


A TABLE 
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= n = n * 
A TABLE f MERCURY's Reese 
P.L A. 0 
17 — — — 
8 SIGN 4. 
22 a 
8 [The Diſt. Mercur) r, Curt Diane 
8 | the firſt Sta Star of A Souh 222 from the Sun. 
Cats. 0 Tolliaſce] Tf” [Locum 
— CS v&4 7 | | 
010. 20 54.04 | 5 133_50 4556279 
——— ö 8 — 1 — 
1410 22 02, 10 5 34 04 (4.554631 
210 23 10 48 5 29 07 | 4.552984 
3 10 24 19 58 5 2491 4.551335 
' 4 [10 25 29 39 5 18 44 45486 7 
5110. 25 39 33 13 16 [4.548040 
610 27 50 40 5 O7 38 4.546395 
7110 29 or. 58 5 01 49 4.544752 
8 0 1 ½ 49 4 35 50 | 4.543114 
9111 0 26 14 4 49 40 N 4 
1011 02 39 12 4 43 19 4.329849 
11 ir 3 52 42 4 ＋ 36 43 4.538220 
12 5 06 46 4 30 o 4.5 36658 
13 | x 96 21 23 4 23 13 4.534999 
14411 07 36 32 4 16, 10 [4533397 
15 2 15 4. . 56 [4.21852 
1611 10 8 31 4 01 31 4.530285 
1711 21 25 20 3 $53.56 4.528655 
;18 | 11 12 42 42 2 46 11 4.527097 
19 14 00. 38 | 3 38 13 4.525552 
20] 11 15 19, 05 __ 1 2 30 0 4.524023 
21 | 11. 16 38 O3; 3 21 52 4-5 22509 
22 r, 67 38 3 13 26 4.521011 
"23 | xx 19 7 42 3 04 39 1.518521 
2411 20 38 18 2 56. 64 4.518059 
125 j 11 9.280 | 2 147, 09 - __4+516626 
2611 23" 21 05 2 38 04 [4.515295 
27 11 24 43 16 2 28 51 4.513888 
28 [11 26 055 58 [2 19 29 by 1 +: 
30 11 28 52 50 | 2 0 20 409752 
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A TABLE of MERCURY's Heliocentrick| 


Pac. 
= SIGN F. 
82 1— — * 
8 The Diſt, of Mercuryfs; | ED Curt Diſtance | 
| 8. g the firſt Star Star of T2 [South Inclinations, from the Sun, 
Soi 's eo 1 © | LoGARITHM, 
_@ir 23 52 50 |_2 00.20 | 4.509757 
rÞ 0. o 17 7 bo. : Fj ©1 30 — 4.584% 
2] % „% 4 39 ⁶ 40 3 ¼ 4.571 
340 0 6 47 | 1 30 38[ 4.505935 
445 0:04 32 22 1 20 31 [4.554721 
{| £005 + \58* 2s = 1 ID —4:593537_ 
| 64-07-07 24 455 o 59 56 1.502396 
Tees 51 © 49 31 4.507268 
384 19 59 PO 398 £7 4.500185 
elan 46 55 © 28 8 4488.47 
e 15 8 2 2448823 
Tiff s 43 35 ; [075047 1 TT 
I' 12267 16 _— 30 | Nerth o 41 | 4.496217 
113 4½ 17 4 45 % 147 885 4.495321 
144 5019 — 18 o 25 19 4.494467 
144 20 | £1 16 [. 0. 36: 1 4.493655 
0 22 11 30 | 'o 47 2 [4.492887 
1 23 42 On: | £2 [57 54; | 4492158 
8 23 12 50 1 08 45 4.491476 
94% 25 43 54 ][ 1 19 25 4.40840 
20 8 28 15 13. 1 30 3 4.4948. 
„ 29 ò46 45 | 1 41 10 [ "4.489702 ||: 
22 C1 0 18 3% 1 51 54, 4.489204, 
23 1 2 50 26 [2 02, 33 4.488755 
ne de r448936:: 
— — 24 4. —2 123-39 -|- 4.48802 
| 26101 07 27 19: © 2 134 08. 4487702 
Net os 59 41 [2 44 23 | 4487451 
| 28 110 32 46% 2 54. 36 | 4.487252. 
224 1 12 04 55 3 0 414487104 
2 11 37- 8 14 38” 4.487008 
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A TABLE Of MERC U R T's Heliocentrick 
PLACE. f 
m__ _ — —— — — 
J Rep Mercury, 77 OTE Curt Difante 
*T | the firſt Stor of Aﬀles aa from the Sun. | 
0s en 141 8 7 LOGARITHM. | 
E 37 133 1 -3 14 38 -| _:4:457008 - | 
T Piti 18 23 13 24 27 4.486962 
2 10716 43 08 i] 3 34 %% 4.4859 
3 ini 15 252 of 3 43 36 7 4.487029 
441 48 35 [ 3 52 56 4.487140 
Ii eee ie 448730 
6] 22 52 48 4 4 11ů 0 3 4.487521 
7 124 25 17 1 19 5% 4.482789 
R 58:49 of # 38 (24 ©4 4.488109 
9 2 30 155 [4 36 46 4-488491 
10 1 2 8 8 4 44 55 "| 88804 
11 9 858 34 53 [4 52 37 44857 
12 2.02 06 36 5 ©O 33 4.489901: 
13 2 03 38 06 ,| 5 08 or © 4490474. 
144 2 05 09 21 -} 5 1 4910 % 
15 J. 22 O 21 J. 1 22 14 nh." 
16 2 8 11 05 | 5 28 38 4492498 
17 J 2 0 41 32 5 35 27 4493274 
| ney 2:13 $1 38 -] 5 41 144 |} 4494068 |: 
19] 2 12 41 26 f 5 47 40 «| 44494925 
20 2 14 10 54 |_5_ 53 23 : | _495333"" 
21 E f 15 40 8 J 5 55 11 4.496782 
22] 2 17 08 43 ][ 6 04 03 4.497773 
23 2. 18 37 02 [ 6 08 58 4.498807 
24] 2 20 04 58 6 1 I ©: 4.499882 
45 L 2% %%% 238 . 8. re 
f 2 $9 n l fer 45020 
27 [ 2 24 26 08 6 26 3 4.503342 
23] 2 25 32 17 ] 6 29 40 4.504869 
291 2 27 17 37 6 22 {Qt 4.505832 
30 2 28 43 10 ][ 6 35 07 4.507129 
4 Nei ka 
I 2 i 


TABLE} 


Aſtronomical Tables. 


— — -—_— 1 9 


PLACE. 


8 S GN 8 201 
N 8 ]- 
nbi. oMercur yr. % Curt Dif Nance 
I” | the firſt Star e . 3 engen. from. the the ir 
e © 7 BS DK db LocakrTkR. 
Fi. 4807129 
1 7 $2 6 38 57 4.508458 
dn 32 3 6 41 32 4.5098 19 
33 2 55 46 5 43 51 44511209 
nne 5 6H 56 44512629 
LZ e 41 723 © 7.46 | __4:514978__ 
6] 3 & 03 28 Cx 49 21 "41515553 
71 3 08 25 cog [ 30 42 4.51702 
8] 3 o 46 o | 6 1 48 4.518576 
9:1} 3 m 996 34 f 32 41 4520121 
; 10. 3 ! 2 26 25 4 6 $3 20 4.521688 
11 3 13 45 44 ©| 6 52 46 7723275 
12 3 15 £4 28 [6 563 59 4.24882 
VEE 3 16 22 36 ©} 6 $23 38 4.526505 
144 3 87 40 780 [5 $3 45 4.528144 
ee $3 '20 4.29288 
16] 3 20 $3 35 [ 5 $2 43 4.52146 
17 f 3 21 29 235 15 54 | $:53314 
118 | 3 d 44 37 [ 5 $0 34 4.534841 
19 3 23 59 16 [5 4g 43 1 
eee 
21 [3 26 26 148 | 6 46 48 4.538975 
22 3 27 39 42 [ 6 45 6 4.54170 
23 3 28 52 [ 5 43 13 4.543434 
1244 00 3 4 5 11 4.545172 
25 4 01 14 4 8 59 4.46914 
26 4 02 25 30 f 6 36 39 | 4.548659 
127 4 03 35 30 | 6 34 9 4.55406 
28 4 4 44 756 | 6 31 22 [4.552754 
29 4 5 53 48 6 28 46 4.553902 
30 4 % 02 8 | 6 25 $2 4.555550 
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A TABLE of MERCURYs Heliocentrick 


— 


PLA c E. | 
8 5 | | 
$ d1GN B. - | 
* The Diſt.of Mercury fr. 3 Diſtance 
| I |} thefirſt Star of ale. North Iclination | from the Sun. 
0 | 5 22 — 2 te !! [LoGARITHM 
. 4 7 02-8 6 25 52 | 4555650 _ 
14 8 9 53 [6 22 51 | 4557396 
ss 27% 4 6 19 43 [4.559139 
de 23.44 6 ; 10 23 4.5 60881 
44 4 11 29 49 X 4.562618 | 
514-12 25-23 6 9 35 [4.554372 
64 13 40 25 6 06 or 4.566080 
71 4 14 44 54 6 02 '20 4.567801 [ 
84 15 48 52 5 53 33 4.569516 
162 28 5 54 41 4.571225 
22 17 55 17 0 43 [4.222286 
11 4 13 57 44 5 46 41 [ 4.574019 
12 | 4 19 59 59 5 42 33 4.576302 
„ Tj; L&. 4% 9 i: 39. 21 4.577977 
„ 23; 2. 2 5 34 04 | 44579941 | 
r 5 _29 44 4.581293 
n 5 25 19 4.582939 
12 2 3 5 20 50 4.584570 
nn 5 16 18 4.586191 
194 26 59 42 5 11 42 4.587801 
20 | 4 27 57 52 5 O7. 03 4.589398 
211 4 28 55 35 1 . 4.590983 
22 4 29 52 52 41938 4592555 
235 00 49 44 4 52 48 4.594113 
22% 2: 467 9 4 47 57 4.595658 
25 | $5 2 42 9 |_4 43 4 [4.392188 
26 23 2 37 47 4 33 083 4.598705 
4347 4 33 10 4.600207 
4 SEPT of 4 28 11 4.621696, 
29 | c- 6-203 4 23 08. 4.603169 
= 7..16.-36- þ-- 4:3: 4.604628 
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A TABLE of MERCURY's Hehocentrick 


PLACE. | 
= — 
8 SG 9. 
-> The Diſt.of Mercuryf7. e Curt Diſtance 
S | the fot Sar of Aries Northlnclination.| Fe ke Ser. 
os o 1-# 1 of # | LogarityM. 
—o|_ 5 7:16 16 [4 18 | 4604628 _ 
T—_—s 5 4 13 © | 4.606072 
= 901 2:36. 1,4] 793 4.607 50 
9138 19 4 2 44 4.608914 
4] 5 10 48 45 3 57 34 4.610311 
5 . 5 11 40 58 2 2 23 [4.611592 
81-5 12 32 51% 121 4.613059 
043 [24:38 131 45 57 | 4-614408 
85 14 15 38 | 3 39 42 | 4.615743 
915 15, © 31 3 31 27 4+617060 
10 L 15 57, 6 | 3 26 10 | 4.618362 
11 5 16 47 23 3 20 53 4.619647 
113 $ 17, 37 21 3:15 36 4.620916 
e is J © 3 10 17 4.622168 
14] 5 19 16 22 3 4 38 4.623404 
8% 5s 201 5 27 $21.30 39. - 4.624623 
16 5 20 54 17 2 54 19 4.625325 | 
17] 5 21142 47 2 48 59 4+627011 
8] 5 22 31 3 | 2 43 39 |. 4.628180, 
19 5. 23 19 3 2 38 18 4.629322 
20 5 24 6 4 2 32 57 [. 4.630468 
23 24 4 2 27 26 4631587 
22 | 5 25 41 31 2 22 16 4.632688 
23 26 28 31 2 16 55 4633772 
24] 5 27 15 1 | 2,11" 34 | 4.634841 
5 225] 1:40:21 6 12 4.635892 
26| 5 28/48 6 2 0 52 4.626927 
27.1.5 29 3412 1 55 32• 4637943 
28, 5 20 4 1 30 12. 4.638943 
iin 1 44 52 | 4.639927 
301 6 1 31 11 1 39 32 [4640893 
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A TABLE of MERCURY; Heliocentrick 


PL Ae 
8 | 
8 S 1G N 10. 
x] — wo 
= The Did. Mercuryfr, 1 . | Curt Diſtance 
| Þ | thefrf Star of Aries, North Inclination, | fe, e Son. 
C0 EARL ie LOGARITHM. 
n _1 39 32 | _ 4.640894 
As. 21 36- 26 124 19 4.641844 
24 6 2 21 30 1 28 54 4.642777 
3 4104 1 22 35 4.643693 | 
CES 6} 57” 3 t 1&7 27 4.544592 
Lee 
64 6 6 19 53 To 4.546340 
S060 77; & 1 I 4.647188 
eee 6 O 57 10 4.648019 
91 6 8 31 50 oO 51 55 | 4.648834 
10 6 9 15 31 O 46. 40 4.649632 
$£4--0- 9; 59 @£ oO 41 26 | 4.650412 
121 6 10 42 23 Oj 306 124 4.651177 
12 8 11 247 25 Oj 30= © 4.651924 
164-6 12 8 39 O 25 48 4.652655 
158 12 51 35 [ 29 37 [4.653352 
16 5 13 34 23 0 1 * 26 4.654066 
1” S- 16 19+ YL o 10 17 4.654745 
18] 65 14 59 36 9 4.655410 
ig] 6 15 42 2 South © © 4+656057 
W104 29-31 0 4-72 4.656688 
6 17 6 30 o 10 19 4.657301 
22 6 17 48 35 O 15 19 | 4.657899 
23 6 18 30 33 O 20 23 4.858479 
241 6 19 12 26 O 23 27 4.659044 
25 6 19 54 12 O 39 29 [4.659592 
26 0+ 20 23 $2 Of 39" 242 4.660123 
8 2 17 27 O 40 32 4.660637 
25] 6 21 53 56 O 45 ZI 4.661134 
29 6 22 40 20 O 50 30 4.661615 
42 24*. 48 Q 11 2 4 662081 
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The Difl. Mercury ſr. 
the frſs Star of Aries. 


South Inclination. 


NN 


21 40 


Res 85 O 


| 
8 O © 


2 54 
44 4 
25. 9 
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TEETER 
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WWW = = = = | w 
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ess 
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Curt Diſtance 
rom the Sun, 

Locaxitin, 
4.662081 
4.662 5 29 
4.662961 
4.663376 
4.663775 
4.664157 
4.664524 
4.664873 
4.665 206 
4.665523 
4.665824 
4.666109 


4.666377 
4.666629 
4.666865 
4.667084 
4.667287 
4.667474 
4.667646 
4.667800 
4.667932 
4.668060 
4.668166 
4.668257 
4.668330 
| 4.668388 


4.668429 
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A Calculation of the Moon's Place for a Lu- 
nar Eclipſe in March, the 4th Lear be- 
fore the Chriſtian Ara, or A. P. F. 47 10. 


— * ; 


— 
2 n _ 


@'s meanMor;| Apog. | Node Retr. f 
£ $£ KS m1 $0 '8 C1 a GN N 
n 55 12 7 58 2835.35 


before Ch. 4 f. 5 20 42 49 5 12 45 42 17 22 3 


Remain 10 11 19 5613 29 21 1 [11 15 57 28 | 
March d 12 | 7 5 3 2619 75436]6 345 36 | | 
h 15 ae eee 591. | 

46 25 15 13 6 

| oO 03 47 41 
Mean Mot. 5 25 30 44 4 07 20 111 12 9 57 | | 
©'s mean An.] 9 4 28 371 20 24 30 [11.20 24 39 g 

Phy ſ. Parts ſ. | © © 11 27 [True Pl. of O True Pl. of © 

Mean Pl. Cor.] 5 25 19 174] 7.13 436 8 14 42 
Apog. ſubſt. 4 18 42 18 Ann. Argum. Obiſt. fr. Nod. þ 
Meg Anom. 1 06 36 59 11 22 17 27 49 i 
Equat. ſubſt.] © 3 37 17 Equat. add. |Equat. Add. f 
Equat. Place 4 18 42 1811 12:37 46 | 
inits Orb 5 21 42 Ofrrue Pl of Ap. Tr. Pl. ot Node | 
©'s true Place [11 20 24 39 fr. Ecc. 66850 | 5 17 37 ; 

| Diſt. from Sun] 6 1 17 21 true 56016 {Inclin. of Lim. 
Variat. add. o © 1 43 | mean 55237 | 
True Place Differ. 779 { 
in its OF 5 21 43 42] Dif, mean & ; 0 
Warten 11 12 37 46 rcateſ 11617 * 6 
rgum. Lat. 6 09 05 57 5 
deer ſubſt. © £ . 16 2 | "1 
rue Place | 

in dbekelip. © 5 21 41 27 


True Sou, Lat.] O © 50 14 | 


y—_ 


Moon's Horary Mot. 30 31 

Sun's Horary Mot. 2 27 
_ @'s Hor. Mot. fr. © 28 4 
1684: 60 :: 4744: ha 749. 
The Time of the 

true Oppoſition, Fh12 57 


2 
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- * a 7 
, o . V 1 1 Me * - % "© „ ” *z »* TE 
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A Calculation of the Moon's Place, at the Time of the true Op: 
poſition in March, the ath Year before the Chriſtian ra. i. : 
A. P. J. 4710. | 0 4 25 
© | @'s meanMor.| Apcg. . Node Retr. 

=O Wy e I. 
An. Dom. "1] 4 2 245|[912 7 I 35 35 
before Ch. 4 f. 4 20 42 49 5 12 46 54 | 2 17 22 3 


— — 


= 
3 nth. th 1 F 2 4. . . FS. 


- » — *F 4. ww 


|  ] Remain 10 I1 19 563 29 21 1 [11 15 57 38 
March d 127 5 31 260 7 54 36]6 73 45 36 
B 12 6 35 18 327 1 35 

157 3118 161 8 

i 123 

Mean Mot. 23 57 48] 4 07 19 141 12 10 19 


5 
©'s mean An, | 9 4 21 qgofir 20 17 44 [11 20 17 44 
Phyſ. Parts ſ. | © © 11 27 True Pl. of @| True Pl. of @ 
5 


Mean Pl. Cor. af 46 31] 7 12 58 30] © 8 7 25 
Apog. ſubſt. | 4 18 40 51 [Ann. Argum. O Diſt. fr. Nod. 
Mean Anom. | 1 05 05 40] 11 21.37 [AddEꝗ. 27 26 


Equat. ſubſt. © 3 27 55 Equat. add. 11 12 37 45 
Equat Place | . , 18 2614 13 40 51 Tr. Pl. of Node 

in le Ot L 18 3®[TruePl of Ap. 5 17 37: 
©'s true Place 11 20 17 44Ecc. gr. 6685o[[nclin. of Lim. 


©'-Ditr.@| 5s o o 52 true 56057 - 
Variat. add, Jo O O 1| mean 55237 
True Place 2 | Differ. 820 

5 20 18 27 Dif, mean & 


in its Orb 
Node ſubſt. 11 12 37 45 Rreateſt 11617 | T4 
__ Lat. | 6 7 40 52 [Moon's Horizon. Parall. $5 15 


Reduct. ſfubſh lo o 1 56 he Sun's Add... | 
um, | 55 26 


| in cbekelip. 1 5 20 16 41 Sun's Semidiam, ſub. 16 
HT Sou. Lad - Pemidiam. of the Shad, 39 2 
[True dau. Lat. | © 2 49 4 [Moon's Semidiameter 14 5 
So the apparent T ime of thejSum, 5 84 

true Oppolſit. in the s Orbit|Firſt Equat. of Time add. 7 37 


: 167 ionſrhe ſecond add 3 7 
is, 12h. 46! 16! the Reductio Sraqearoy $n x PEP] * 


to be ſubſtracted 4 50/ So th 

| apparent Time of the leaſtDiſt. den o Y 
'{ of their Centers is 12 h 4! 26 Pi fferene. 14 15 
| ard the apparent Time of the. coff : 6dig. 14. 19! 
| full . 12h 517 6˙, 7. e. Mar 5dig. 23. 54 23/0: 10000 :: 
1 13*%a little after Midn. in th 407. 47: 7360 Co- ine 42*. 
Merid. of Lond Nn, but the leaſt 33 Ang. Incid. 10000: 6762. 
Diſt. of their Centers at the, 32637 22085/.— Mot. of hall. 
| Merid. of Jeruſalem, was at 3h Dur. 168 4 : 6 :: 220600: 79/ 
ar 20/1 after Midnight, © Elb. 197 Time of half Dur- 
| Ang. of theviſ. pathwith Ec. 343% 


1 5 e. — — —— . "i. 
3 4 ? * 2 "4 (3a * 9 


kh. a AY 


GA, 


- AO Þ vv} > I ww wk 


Aſtronomical Tables. 427 


X A Calculation of the Moo 's Place, for the Time of the true 


Firſt Equation add. 7 15 
Second Equat. ſubſt. 7 39 
Difference add. 


So the apparent Time of the Jsun's add. © 10 
| Beginning 11.42 42Sum. 54 58 
Middle | 13 40 Sun's Semid, ſubtract. 16 1 
End 5 15 37 34YSemidiam, of the Shad, 38 57 


] ²˙ oe 
- TT” a * 22 


Moon's Semidiameter. 14 52 


: Bes in. . 11h, 20 18/0 
9. ox 8"? meanTi. 


Oppoſit tion in April. A. D. e ee 2 
1 s mean Mot. Apog. = | Node Retr 
N N Is o:f „%o s © 3 
A. D. 1701 10 15 19 50 8 18 20 4 27 24 20 
Years | | EL | ESE 3 25 1 29 
| April d 5 7 44 27 5-10-35 240 5 151 
h + | he 0. 0 33710 0 143] 
14 88 0% ie 0: 0 
— YT TY 
Mean Mot. 6 24 7 41] 7 23 2 56 0 25 19 11 
©'s mean An.] 9 17 43 41 © 26 14 57] 0 26 14 57 
Phyſ. Parts ſ. 0 0 10 53 rue Pl. of © [True Pl. of ©: 
Mean Pl. Cor.] 6 23 56 480% 3 12 1 29 55 46 
9 ſubſt. 7 14 42 23 Ann. Argum. O Bill. fr. Nod. 
ean Ayom. [11 9 14 25 8 20 3233 © 0 5 
ny =_ o 2 21 O[Equat. ſubſt. Add Equat. 
ua of 7 14 42 2 26 19 16 
in its Orb 6 26 17 45 True Pl. of Ap. Tr. Pl of Node 
O's true Place] o 26 14 57 Kr. Ecce. 65850 5 18 0 
| Diſt, from Sun 5 0 2 51 true 62131 ;Inclin, of Lim. 
Variat. add. o o O 1| mean 55237 
| True Place Gag Differ. 6894 
in its Orb YEP 49 _ meanDiff. & 
| Node ſubſt. o 26 19 16 greateſt 11617 
Argum. Lat. 3 29 $5 22 — ; 
Reduct. N 2 O0 O #3; 
True Place & ud Moon's Horary 'Mot. 23 56 
in the Eclip. 20 17 49 Sun's Horary Mot. 2 26 
TrueNor.Lat.| Oo O O 8 Mot. Moon fr. the Sun. 27 30 
— —＋＋ sro S: 172: 64.whence, 


the Diff. of Time to be ſubſt. 
6x. And the midd. of the Eccl. | 
13h. 39“ 45!t. 


2274 Moon: Hor, Parall. 54 43 


Jum, 53 49 
2.75 69 :: 33.8: 117 ih. 
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A Calculation of the Moon's Place, at the Time of "the mean 
Conjunction in Auguſt, 43 l ſt Vear before the Chriſtian 


Era. i. e. A, P. J. 4283. 


>< s meanMot.| Apog. [ Node Wn 
1 \ $0 tf 'Mhso tf i 5 0 7 
bef. Chr. 400 5 1 21 1 40 2 16 45 © 5 8 45 7 
20 4 13 34 73 3 30 15 29 50 15 
N 11 9 34 482 27 31 387 2 43 16 
Sum. ſ. fr. Rad. o 9.24 30 33] $18 36 
Mean Mot. [ 7 22 12| 0 24 © 12 12 24 54 13 
Aug. d 1 16 34 19 0 23 43 47 [2.11 16 47 
18 eee £6 e. 
N 6 Aeeo o vg 00 00018 
7340 0 o 19 1 11 19 43 
Mean Mot. 4 6 17 34 17 50 10 [10 13 34 30 
©'s mean An. | 1 28 8 26] 4 4 35 47 [4 435 47 
Phyſ. Parts ſ. o a 9 39 [Tr R of © [True Pl. of © 
Mean Pl. Cor. 4 6 27 13] 2 15 45 37 | 5 21 17 
Apog. ſubſt. 1 24 11 47 Ann. Argum. S iſt. fr. Nod. 
Mean Anom, | 2 12 15 26 6 21 37 [C 0 20.9 
Equat. ſubſt. o 4 48 14|Equat. add. JEquat, ſubſt. 
Equat.Place . I 24 11 47 [lo 13 4 22 
in its OrbC | + 1 38 59 True Lof Ap. Tr. Pl of Node 
O's true Place 4 4 35 47 þ+ + 5.44734 
Diſt. fr. Sun 11 27 3 12 Inclin. of Lim. 
Variat. ſubſt. 0 o 3 54 
True Place 4. 133 4 om _ 
in its Orb | | 
| Node ſubſt. 10 13 4 22 Leal TI 43619 
Argum. of Lat.] 5 18 30 43 1 an 59237 
Reduct. add. 10 0 251 Diff. | —— 
Tos in] 4 1 37 56]Dif. e and 1 11617 
— — 0 81 2:bij True Place * | the Sun 
: $ | 4 I 25 * 
oon's true Place in its Orb. 


| Diſt. 3 0 42 
[Moon's Hor, Mot. 32 34 
Jun's Hor, Mot. 2 $4 


1S 5 Hor. Mot. from O 3o 9 
Differ. of Time add. 5 59 6 


1 


—_— . 3 = a a 
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T5 IT Calculation of the Moox's Place, at the Time of the true | 


Therefore the middle of the 
Sun's: Eclipſe happens in the 
Merid. of Lond. Aug. 3. (by 
reaſon of the Biſſextile. Day 
4h 2/ 53!! after Noon appa 
rent Time, but at Athens 5h 


47 537. 


| 


ConjunRion in Aug. A. P. J. 4283. 
lese meanMot.| Apog. | Node Retr, 
N & #9 3 C7 IM „ 
4. D. 4 2 45 [912 7 58 28 35 35 
bef. Chr. 490] 5:1 21 40]2 16 45 05 26 45 7 

204 13234 5] 3 3 52 15] © 26 50 15 

=, - 31110 9224048 3'27134: 384 7 "WY 
Sum. ſ. fr. Rad. 924 30 22 8 18 6 6 53 
Mean Mot. 6 7 32 12 [ 24 0 12110 24 54 13 
Aug. d 2] 9g 29 43 540 23 50 280 11 19 19 58 
h 4]o 2 11 45 1 O © 0 52 
ens 6 2 3 : 
| $70 bye * | © 11 20 31 
Mean Mot. 4 og 34 54 | 1 17 5159110 13 33 42 
©'s mean An.] 1 28 23 17 | 4 4 50 22] 4 4 50 22 
Phy ſ. Parts f. 0-0 9 41 True Pl. of O True Pl. of © 
Mean Pl. Cor. 4 9 44 35 | 2 16 58 32 5 21 16 40 
Apog. ſubſt. 1 24 8 7 [Ann. Argum. O Diſt. fr. Nod. 
Mean Anom. 2 15 36 28 6 16 17 Eq. ſubſt. 29 20 
Equar. ſubſt. o 4 53 48 |Equat, add. 16 13 4 22 
gast Place 2 „ 24 8 7 Tr. Pl. of Node 
in it Orb S4 4 50 47 rue Pl.of Ap.. 5 17 35 
@'s true Place | 4 4 50 22 [nclin, of Lim. 
Diſt, from Sun o o o 25 [EX ome 
Ye add. fo oo o fon Eccent. 14 d 
True Place 14 4 50 47 Diff. 10447 
in its Orb Dif. Mean & leaſt 1617 5 
ode ſubſt. 10 13 4 22 
N Moon's Horary Mot. 32 34 
Argum. of Lat. | 5 21 40 25 Sun's Horary Mot. 2 25 
Reduct. ſubſt. 488 9 Hor. Mot. fr. the O30 
True Place 4 4 52 50 Firſt Equation ſubſt. 6 28 
in the Eclip, | p Laſt uat. add, 9 24 
True Nor. Lat. 0 © 42 5? [The Difference ſubſt. 2 2 
72 þ Nequct. fubit. 


Leaſt Diſt. fr. Cent. 4h 2030 
Afternoon : the Time apparent, 
Moon's Hor, Parall, 57 15 
Sun's © 10 
Semid, of the Disk. 


1 nnn —— * — 


* 
Moon's — RY 15 24 
Sun's 16 2 
Sem. of Penumb. 31 26 
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Ang. of viſ. Path ith Sun 5 42 © 


A 


12 


Aſtronomical Tables, 


The Sun 8 


Sun. 


| The Moon's Semid, 


2 


16 238|whence-the leaſt Diftof rhetr” | 
Cent. 21h 310 2300. | 


15 55 
Sum. ic. ſemid. of the Penum. Full Moon Eel. 21h 367 3571 


Therefore the middle of — 


| 32 33 
| Ang. of Vit. Path with the dun's Eclipſe, happens May1*; 


4 36317 230 after 9 in the Morn, 


in t 


4 Càculation of the Moox 's Place, at the Time of. "he JS] 
Conjunction in Map. A. . 268 
ss mean dot Apog. | Node Retr, 
* nn Pann s o 1 Ti 
4. D. oe 10 15 19 50 [1 18-18 20] 4'27 24 20 
cars , 100 0 ⁹⏑ 95 5246 23 25 $4 | BIT ae 
* d 39 4 21 ·˖0 5 © * 5 > 15 
be 2s O 11-31 46] © ©: 5551] 0 0 2 47 
3000 0 16 28] © 0 80 90 4 
* — | 3 13-09 54 
'S mean An. 2 150 16 = 615 12 2101 14 18 26 
byf. Parts f. o o 8 25K AL * 14 +24. 6 13 
can Pl. Cor.] 1 18 15 34 True Pl. of True Pl. of O 
pag. ſubſt. 6 25 32 42 Ku 3.99] o os 47 45 
an Anom. 6 22 42 52 n. - An u 
quat. add. 5 2 48 22 UE 10 20 21 
= 85 quat. add. | Add. "Ms 
1-21 3 56] 6 25 32 42 
in.its O ">< I 14 41 34 
þ . true Pls n or, Eee r. Pl. of Node 
| r. Sun 11. 29 7 45 Pfr. EG 5 17 44 
ariat, ſubſt.. yy 1 Eee 15255 Inclin, of Lim, 
re Plate 1 21 2 47 Differ. 03657} | 
of Diff. mean & * 
ode ſubſt. 1 14 41 34 | 1 
rgum. Lat.] © 6 21 13 greateſt 116117 Inu. 
educt. fibſt.] o O. T 37 1 FE 
7008 Pl. 24 11 Moon's Hor, Mot. 2 
clipt en 4 Sun's Hor, Mot WU 
rye? = 0 ©, 35, 9 g . 2 
SY S 5 Hor. Mot. from © 35 8 
— * — 7 21080; 60 : 2 194 %:: 1 
Ale n Firk Equat. add. 1 
Moon's Hor. Parall. * 8Þecond Equat. ſubſt. 9 47 
{ The Sun's 0 10 Difference add. 4 10 
Diſſ. 2. e. the Semid. diſ. 60 55]ReduR. of Time ſubſt. 2 47 
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he Meridian of. NE gh | 
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| A A Calculation of . the Time of the Conjunctio | 


of the Sun and Moon in Aug. A. P. F. 4283. 
— : — } 
| * T | | 3: ea: if 
| - Yearjof our LoRO | 14:6 24 9 4240 $4 | 
| be ſo — 400 4 28 24 20 | 
| 6a _— 20 4 13 25 13 5 
| We SL45 2. | l 
| Sum ubſtract. | * |] FF 9/22 43 596 | 
| _ Remqin :- | © |} Kg '2 35 Fl 
| Add. Auguſt. S 2 4 26 19 | 
| __ MotignotM A AI 6 38 1 © | 
| Complement | | | Iþ © 23 27 49 | 
Ke D * 1 
ays O 12 11 27 | 
Eo Remlin f 511 16 22 . | 
Hour 2 0 e » | 
| RemJin It 10 0. 9 7 0 f 
| 160 © | 
| Oy 0 © : » * | 
| 4 '; 3d 00 0 8 17 
2 a | 
hence he Conjunction of the Sun and | 
Moon, happen d A. P. J. 4283. Aug. 3. (by re- 
„ ſon 4 Biſſexti le Day) 100. 1155 before a N 
| 2 the Mee of London, but in that of 
Aibehs, * 18 The mean Time | 
| : [ Ry f. f 1 


A Cal lation of the Time of the Winter-Solllice. 
| rom Flamſteed 8 Ta BL ES. Corrected, 


= 1 v1 29,99 591 3 7 40 10 
| © | Decempb. 79% 11 7 $5 28 | 0 0 047 
| Mean Mot. 8 27 49 18 ö 3 740 57 
ö Equat. ſfubſt, | © 0 20 155] 8 27 49 18 
| -- O'strue Place] 8 27 29 3 [Obs true Place 
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2 29 577k $26 Vat “ 
1 58 17 [Mean Anom. * 
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o 

E 

RKReman o O 32 40 Tbe sun theref, 

our O 

0 

0 

© 

O 


0 32 2 enters Caprice. 
o Q 38, | Dec, II. begin- 
oO 0 37 vis AS. 
o O I-P24fafter Mid-. 
right. we 
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- wigs — a wa „ 22 — 0 — The 
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321 
The Right Aſcent jon of the points ori the Eclip- | 
rie of SATURN. 
©; Shy 
'De of Right E of Ri bt Deg. of , Right 
| x 85 | Ele 7 Exlip. „Aten. 
fi 5 Nor $4) Joo! 0 
| s- 3 C£81-30:-1 27 x5 [68 17 
2 8 1 43} 32 | 28 10 62 [58.12 
3 J 2 35] 33 29 6 63 59 17 
9 | 3 26] 34 | 39 2 | 64 | 60.22 
| F | 4 18] 35 | 3o 58 | 65. 1 61.27 
| 6 5 10]. 36 | 31 FF 66 62 33 
1-7 + $ 21] 37 | 32 52 | 67] 63: 39 
8 4-6 53] 38 | 33 49 68 | 64 46 
9 Þ 7 441 39. 1 34 46 | 69 I 65 F3 
10 Þ 8 36] 49, | 35 43] 79 467 © 
11 4.9 28]:4T- | 26 41 | 71 68 7 
12 +40 20 42 | 37 3972 | 69 14 
13 J 121-43 38 381 73 | 70 22 
of. 24: bite 44 139 371]. 74 | 7: 39 
IF +|.12 56 45 40 36 75 | 72 38 
16 | 13 48 46 | 41 36] 76 [73-47 
27 | 14 411 47 [42 36 77 7456 
18 | 35 34 48 | 43 36 28. 1775 
19 16 27 49 [44 36 | 79. 77 14 
| 20 17 20 50 45 37 80 | 78 23 
21 418 13] Fr 46/3881 79 32 
£1 22 429 61--62- 147 40 | 82 80 41 
2319 62 Pp. 148 42 | 83 [dt 50 
24 242 531 4. 49 44 84 183 9 
t 25 21 47 $5\- [50 46 | 85} 84 10 
26 22 41 56 | 51 49 86 | 85 20 
27 [23 35 77 | 52 52| 87 [86 30 
28 24 30 58 |53 55 | 85 | 87.40 
29 | 25 25 59 | 54 59 | 89 | 88 50 
39 | 26 20 60 156 3 90 90 0 
3 
5 —.— — —— 
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A Calculation of the Place of the Circum-\ 
ſaturnian Planet, diſcovered by Hugenius. 


— 


w 1 * = 


2 1 — * 
6 —_— 


o hf! 
1657 May 9 9 40 Lond, 
Place of Saturn my 28 $57! 


h fr. iſt & of 58 © 32 
Equin, ſubſt, 10 22 oo 


h from Equin. EN 32 


Right Aſcen. 6 7 19 

| * 
Apogee 4 29 19 
South Declin, 4 23 
Mean Mot, of Planet. 
1641 8s 29% 17 
16 5 29 $4 
May 6. 8 
9 1 
gh 400 3 


Mean Diſt. of Sat. 4 10 42 


Apocron. IO 22 OO 
Anomaly 18 42 
| Equat. ſubſt. , 31 
True Longit. of Sat. 4 10 11 
Apogee 4 29 19 
Remainder 11 10 52 


1 


2 Tg 1h 
1658 March I I 


—_ of Saturn mx 16® 257 
h fr. iſtæ of 7 5s 17 
Equinoct. 10 22 . 


h from Equin, 6 25 59 


Right Aſcen. 6 22 4 
Apogee 5 14 40| 
South Declin, ; 29; 
| 
Mean Mot. of Planet. 
1641 8s 29» 17% 
17 4 20 30 
* 1 8 12 z 
I Oo 22 34; 
10h 9 MM 


Mean Diſt, of Sat, 11 3 4 


Therefore 2 of theSemid. 
of the Annulus Weſt-ward, and 
e North-ward, 


before the Apogee 19 fo" 


Apocron. 10 22 00 
8 0 11 49 
Equat. ſubſt. O 3 
True Longit. of Sat 11 3 19 
Apogee 5 14 4% 
Remainder 5 18 39 


before the Perigee 11 21 
Therefore 1 Sof tkeSemid, 
of the Annulus Ealt-ward- 


and 127+ South-ward. 


K 4 


—_— 
= 


i 


| ; 


| 


. Aft 


— — ä 


136 


— 


ronomical Tables. 


— 


A TABLE of Locaxiruns for the Diſtances» 
the Earth from the Sun. 


Mean Anomalies of the Earth. 


_y 


1 


* 


=? 


915-907 20815.00575 3]5+292755 


£ 


_— 


10]5-00718gſ5.005675[5-092636 


| 1445-00709215-005 34515 002153; 
$-00203014-993 200 


Sign 3. 
— 


4.999999 
4.999870 
4.999740 
4.999611 


4.999352 
4.999223 
4.999094 
4.998965 
4.998837 
4+995702 
4.998581 
4.998454 
4.998327 


5.001907 
15.001787 
5.001659 
5001534 
5.001408 


175.0059975 
185.0069615. 
1955.006923 
2005. 0068835. Oc 
215.0068425. 804705 
225.0067986. o 04607 
235.0067 5 25. 04508 
2415.00670415-004405 
2515-22665 415.004 30G 
265.0066025 004203 
| 2715-0055 48/5. 0409? 
285.0064925. 003983 
295.0064345 · 03886 
30 806375 
OI Sig 11. 


ö 


5001155 
5.001028 
5.020y00 
5.000772 
5.000644 
5.000715 
5.000384 
5.000257 
5.000128 


Sign 9. | 


| 


5.001282 


4.998074 
1.597945 
4.997823 
4.997698 
4.997574 


4.907451 
4997329 
4-997 207 
4.997086 
4.996966 


4.996847 


8214.995822 


4.994354 


* 1 3 e * 


Sign 4. 
4996331 
4.996267 
4.996154 
4.996042 
4.995931 


4.993398 
4.993339 


nm 


Sign 5, | 
4993588 


4993522 
4993459 


4.993282 


4.995714 
4.995607 
4.995501 
4.995397 
2899284 
4.995193 
4.995094 


4.994899 


4.994804 


4.994711 
4.994619 
4.994529 
4.994441 


4.994269 
4.994186 
4.994105 
4.994025 
4-993947 


4.993871 


4.99649 


4.996729 
499661 1175 


4-9963 8114-99358 
Sign F. | Sig n. I Sign 6. 


4.993798 


4.993226 


4.59499604.992905 
4.992866 


4.993173 
4.973122 
4.993074 
4-99 3025 
4.992984 
4.992942 


4-992331 
4-992795 
4 992768 
4992740 
4992714 
4.992591 
4.992670 
4.992652 
4.992636 
4.992622 
4992611 


49920 


4992595 


8 
4.993656 


4.9925 89 
4-992585 


ho 


4992591] - 


0 


29 
28 


27 
20 


2 


24 
23 
22 
21 
20 


19 
18 


17 
16 


15 
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